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IKTRODtJCtlOl^. 



Following custom, these Notes on Naval Progress are brought up to 
July 1, 1900. As the publication of the last annual was delayed — that 
number including notes to November, 1899 — ^the period covered by 
the present number is shorter than usual. 

It was hoped that an account of the Japanese naval manoeuvres might 
be given in this number, but as the attendance of foreign officers and 
press representatives was not permitted, informaion of sufficient value 
for publication is not available. 

Especial attention is directed to the article on "The electrical equip- 
ment of ships of war," by Mr. C. E. Grove, a liberal quotation from 
which appears in Chapter V, and also to the lecture on "The employ- 
ment of spark telegraphy in the Navy," by Mr. A. Slaby, in the same 
chapter. It is believed that these articles are of special interest to the 
service. 

C. D. SiGSBEE, 

Captain^ U, S, N.^ Chief Tntelligence Officer. 
Navy Department, July i, 1900, 



Approved. 

A. S. Crowninshield, 

Chief of the Bureau of Namgatioii. 



I. 

INCREASE IN NAVAL STRENGTH AS SHOWN BY NAVAL 

BUDGETS. 



By Liefiitenant William L. Howard, ITnitwl States Navy, 

Staff IntfUigeiice Offieer. 



Naval expansion is the order of the day. A study of the budgets 
of the various naval powers, the building programs as outlined therein, 
and the constantly increasing amounts devoted to new construction, 
all serve to indicate the serious attention given to the subject of naval 
increase. 

England, as usual, leads with the largest sum for the support and 
increase of her navy. But large as is this total, it is generally felt 
that the Admiralty program is inadequate, and the press of that coun- 
try is actively urging a further increase. 

The following translation of an article which appeared in La Petite 
Repuhliq;ue of October 9, 1898, sums up the situation very clearly: 

The Spanish- American war and the rapid and brilliant success of the United States, 
the growing importance of colonial enterprises and commercial operations, and the 
formidable questions connected with the early opening of China, all show that the 
military contests of the future will not be decided on the continent of Europe, but 
upon the sea, and probably !n the Far East, on the Patdfic Ocean, sint^ Europe has 
decided that not only Africa and Australia, but also all Asia, must l:)e considered as 
colonies belonging to her. 

Wars for political supremacy will henceforth be naval wars, especially if in conse- 
quence of the community of interests between England and the United States, of 
which we have often spoken, the next war is brought about by the great economic 
interests which have recently accentuated the antagonism which ha.s long existed 
between England and Russia. 

In view of these facts it is easy to un<lerstand that the imjwrtance of standing 
armies is diminishing more and more. They are instruments of war which can be 
transported and employed only to a limited extent at the sc^ne of the contests which 
the future has in store for us. 

After the success of Germany in the campaigns of 1866 and 1870-71, the European 
powers hastened to increase their standing armies; England even appeared anxious 
to enter the new road by renouncing the nystem of voluntary enlistment and adopt- 
ing obligatory conscription. 
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Now, howevef, things are about io change. It is the naval forces thai are heing 
{ncreased. Russia, Germany, Franee^ It^^^r, and even Japan are going to immense 
expense to that end. It is mily ne^ce^tfiry to recall the recent credits voted by ther 
great maritime powers of Europe; stnd the tesult of the Spanish-American war,- 
achieved almost solely by the navy, can but further the development of the fleet. 

Until recently continental Europe had been the scene cf( the great witrs,r but ther 
results obtained were not proportionate to the efforts made. Moreover, under th0 
influence of socialistic agitation, frontier questions have lost much of their impor- 
tance. The revanche of France, the irrSdentisme of Italy, even the reestablishmeut 
of Poland, no longer occupy public opinion to the same extent; its attention is now 
called to other questions of gigantic proportions which present themselves in Africa, 
China, and the Far East. Therefore the necessity of large standing armies for foreign 
wars has ceased. 

The maintenance of naval forces imposes much greater expense upon a country 
than that of standing armies; the increase of the budgets of those countries which 
are most interested do not leave any doubt as to this, and we are only just banning; 
for it is not only a question of increasing the number of ships, arming them and 
instructing their crews, but also of establishing a large number of naval stations 
which, while necessary, is much more difficult. The lack of coaling stations was 
one of the causes of Spain's defeat. 

This is why the maintenance of a navy requires such enormous expense and why 
it is not possible to obtain appreciable results if a country does not have at its dis- 
posal a formidable budget and if it can not count upon the reinforcement of the navy 
by a large merchant marine and upon the development of metallurgic industries. 

Under these conditions agricultural countries do not appear to be called upon to 
become maritime powers of the first order, for there we find neither the necessary 
means for creating and mobilizing naval forces on a large scale, nor the elements for 
the reenforcement and repair of the fleet if the war should continue for any length 
of time. 

Thus the removal of the axis of warfare from the army to the navy is not an acci- 
dental phenomenon, but the result of the political and social changes which are now 
in progress and which will bring about a new classification among the powers, one 
which takes cognizance not only of their financial resources, but also of the industrial 
progress which they achieve. 

From this point of view, England, the United States, and later on Japan, perhaps, 
appear called upon to play the most important r61e8 in the naval wars of the future. 

ENGLAND. 

Parliament and the nation have long accepted the principle that her 
naval .strength must be equal in numbers and superior in power to that 
of the two strongest navies of the world, and the British estimates, 
which include the program of new construction, are based on this 
principle. Accordingly, no building scheme covering a period of 
years is projected, but instead a yearly program of new construction, 
in accordance with a carefully devised plan for the construction of a 
homogeneous fleet and based on the principle stated, enables England 
to maintain this superiority. Her program is therefore outlined by 
the programs of the other powers. 

The navy estimates for 1900-1901 amount to a gross total of 
jC28,553,222. From this amount should be deducted the sum of 
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jC 1,030,62^9 being appropriations in aid, leaving the tiet total budget 
£27,522,600, which is an increase of £928,100 over that of last year. 
The following table shows the sums authorized and the yearly 
increase since 1894: 



Year. 



18!Mr-96 

1896-97 
1897-98 
189S-99 
M99-0O 
19Q0-01 



Qioss appro- 
priHtion. 



£18,871,713 
19,613,821 
22,774,318 
23,280,473 
24,733,822 
27,678,039 
28,653,222 



Increase. 



£3,104,089 
1,242,106 
8,160,497 

506,155 
1,453,349 
2,844,217 

975,183 



SHIPBUILDING PROORAM. 

Under the program of new construction it is proposed to lay down 
this year — 

2 



Battleships 2 

Firet-class armored cruisers 6 

Seoond-clasB cruiser 1 



Sloops 

Gunboats 

Torpedo boats. 



2 



This will give the following list of ships under construction in 1900: 

Sloops 8 

Torpedo boats 4 

Destroyers 21 

Royal yacht 1 



Battleships 17 

Armored cruisers 20 

Urst-claaB protected cruiser 1 

Second-class protected cruisers 2 

Third-class cruiser 1 



There have never been so many vessels under construction as at the 
present time. In 1899 England added 19 vessels to her fleet, aggregating 
122,322 tons, and in 1898, 30 ships, with a total tonnage of 140,988. 

The following table gives ten years' production of naval shipbuilding: 



Year. 



Number 
built. 



1890. 
1891. 
1892. 
1893. 
18M. 



21 
18 
22 
14 

27 



Tonnage. 



61,996 

107,260 

141,200 

34,310 

81,526 



Year. 



1895. 
1896. 
1897. 
1898. 
1899. 



Number 
built. 



3G 
35 
26 
30 
19 



Tonnage. 



136,762 
104,485 
65,996 
140,988 
122,322 



An increase of 4,240 in the naval establishment was voted, making 
the total strength of the navy 114,880 oflicei-s and men. The addi- 
tion proposed is distributed as follows: 

Officers 320 

Petty officers and seamen 3, 050 

Engine-room staff 150 

Miscellaneoua 200 

Marines 300 

Apprentices (artisan ratings) 320 

Total 4,240 
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The following table best illustrates the steady increase in personnel: 



Year. 



1896 
1S94 
1895 
1896 



Total na- 
val force. 



74,700 
83,400 
88,860 
93,750 



Year. 



1897 
1898 
1899 
1900 



Total na- 
val force. 



100,060 
106,390 
110,640 
114,880 



In addition to this total, a naval reserve of 26,760 seamen and fire- 
men is authorized by law, of which number 25,712 are actually enlisted. 



Battleships of 12,000 tons 6 

Armored cruisers, 7,000 to 9,000 tons. 9 

Protected cruisers of 4,000 tons 8 

Protected cruisers of 2,500 tons 3 

Avisos 3 



FRANCE. 

The shipbuilding program of 1896, which covered a period extending 
to 1907, provided for the construction of 220 vessels, as follows: 

Gunboats 4 

Aviso torpedo boats 10 

Destroyers 25 

Squadron torpedo boats 38 

Seagoing torpedo boats 112 

These vessels were to cost 621,670,000 francs. The amount to be 
expended up to January 1, 1900, for 79 vessels was estimated at 
313,440,000 francs, but according to more recent estimates this will 
amount to 337,700,000 francs. There remains, therefore, 141 vessels 
to construct, but beyond finishing the ships already laid down, the 
program of 1896 is practically abandoned. 

The minister of marine now proposes a substantial building pro- 
gram which will supply the number of vessels of various kinds that 
are necessary to make the French navy a homogeneous force. This 
program comprises the laying down of the following vessels, beginning 
this year: 



Torpedo boats 112 

Submarine or subniergible Ixmts 26 



Battleships 6 

Armored cruiners 5 

Destroyers 28 

This will give the French fleet, after its execution — 

Battleships — 4 squadrons of 6 battleships, with a spare battleship for each 

squadron 28 

Armored cruisers — 8 divisions of 3 cruisers each 24 

Destroyers , 52 

Torpedo boats 263 

Submarine boats ,.. 38 

The vessels of the new program are estimated to cost 476,832,000 
francs. To this sum is to be added 235 million francs, the latter being 
the amount necessary to complete the vessels laid down up to January 
1, 1900, and which will all be finished by 1903. The two programs 
will be entirely completed in 1907. The total cost of new construction 
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amounts to 712,208,000 francs. In addition to thi8 amount it is pro- 
posed to expend about 140 million franco on the improvement of the 
various arsenals and naval stations. 
The annual cost of the two progmms is apportioned as follows: 



Year. 



1900 

1801 

1902 

1908 

1904 

1906 

1906 

1907 

ToCal 



New pro- 
gram. 



Francs. 

3,836,000 
28,490,000 
54,450.000 
75,162,000 
93,524,000 
99,484,000 
81,823,000 
40.063.000 



1 

Old proirram. 


Total. 


Francs. 


Francs. 


100,026,000 


103,862,000 


75,383,000 


103,873,000 


39,008,000 


93,458,000 


16,389,000 


91,551,000 


3,945,000 


97,469,000 


210,000 


90,694,000 


210,000 


82,033,000 


210,000 


40,273,000 



476,832,000 , 235,376,000 712,206,000 



GERMANY. 

Increase of the navy was a leading topic in 1897, and with a view of 
educating the public to this necessity the Government published a 
series of statistics on the growth of the maritime interests of the Ger- 
man Empire. These publications showed the increase in population, 
the enormous increase in foreign ti*ade, and a special publication was 
issued to show the backward state of the Geiinan fleet. The 
general conclusions were that the Empire was behind all other 
great powere, except Austria-Hungary and the United States, as 
regards a navy, and that the expenditure for national defense, inclu- 
sive of the public debt, was extremely low when compared with that 
of foreign nations. 

Then followed a naval bill carrying a definite shipbuilding program 
extending over a period of seven yeai*s, which was later cut down to 
six years and known as the Sexennate law. This law was passed 
April 10, 1898, and provided for the following strength of the German 
fleet, apart from destroyers, torpedo boats, etc.: 17 battleships, 8 
coast-defense vessels, 9 large cruisers, 26 small cruisers, as a fighting 
fleet ready for sea, and a further reserve of 2 battleships, 3 large 
cruisers, 4 small cniisers. 

The above was considered a minimum of the requirements for the 
Government to carry out its obligations. On April 1, 1898, Germany 
possessed, either built or building, 12 battleships, 8 coast-defense ves- 
sels, 10 large and 23 small cruisers, thus leaving to be built 7 battleships, 
2 large and 5 small cruisers. The bill also provided that successive 
estimates should contain provisions for the replacing of old by new 
ships, and laid down the principle that the life of a battleship and coast 
defense ship should b^ considered as twenty -five years, that of a large 
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cruiser as twenty years, and a small cruiser fifteen years; after which 
time they should be considered old within the meaning of the law and 
replaced by new construction. 

The strength of the fleet as contemplated by the Sexennate law has 
already been attained, and increase of the navy is again the most 
important topic of the day. A most comprehensive bill for the increase 
of the fleet is now before the Reichstag, and while there is consider- 
able opposition, it will probably be passed with perhaps slight modifi- 
cations. 

The portion of the bill relating to the increase in number of shipB 
reads as follows: 

I. Number of Ships. 

SECTION 1. 

1. The nunilxjr of ships provided for under the law of April 10, 1898, concerning 
the German fleet shall be increased by — 

(a) Available — 

1 flagship. 

2 squadrons of 8 battleships each. 

2 large cruisers -j * , , , , « 

Q «,««ii «•,,;«.>«« J-M scouts for the home battle fleet. 

small cruisers j 

5 large cruisers "j 

5 small cruiaere } *«' *"'»<* "^ f"***" «***'°'^- 
(6) As reserve materiel — 
2 battleships. 

1 large cruiser } . . . . . ^. 

rt *^,, . > for service oh foreign stations. 

2 small cruisers J 

and shall be decreased by two divisions of 4 cx>a8t-defense battleships each. 

2. In this increase the 8 coast-defense battleships shall be counted as line-of-battle 
ships until replaced. 

This bill provides for such a large increase and extends over such a 
long interval that it is worthy of careful study. In the argument for 
the necessity of this proposed increase is sounded the keynote of the 
requirement for a strong navy. " Germany requires poace on the ^^." 
The policy of the Emperor is for a navy so strong that no power will 
dispute w^ith her there. The arguments presented for so comprehen- 
sive a program may be summed up as — 

1. No such large program is possible unless it is indicated by law 
that it is the fixed purpose of the Government to carry it out. 

2. It would be impossible to get the necessary capital invested in 
shipbuilding and armor plants, unless the law requires the program to 
be executed. 

3. When the law fixes and defines such increase it may be expected 
that young men will enter the navy to make the service a life career. 

4. Only when such a progi'am is fixed by law can the requisite dock- 
yard facilities be built and enlarged to meet the wants thus definitely 
prescribed, 
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6. By having such a policy defined by law, the prestige of Germany 
abroad is at once assured and consequently it is of the greatest impor- 
tance in the political and commercial interests of the German Empire. 

Comparing the present bill with that of 1898, it will be noticed that 
it is regarded as simply an increase in certain features over the Sexen- 
nate law. Under the head of the number of ships of which the navy 
shall consist the law does not state when the ships to be built must be 
finished, as was the case in the law of 1898. In the explanation as to 
how the measure is intended to be carried out, the period until the 
year 1916 is stated, but the governing council expressly recedes from 
the original plan and leaves the period somewhat in doubt, ostensibly 
as a concession to the arguments of the opposition that in such a long 
period of time it is impossible to foresee what technical, political, and 
financial events may transpire to make rigid adherence to the program 
undesirable. The fact that the law of 1898 was carried out before the 
expiration of the period contemplated, leaving comparatively little to 
be done in 1902 and 1903, the last years of the Sexennate period, has 
led the council to refrain from fixing the period until 1916 definitely, 
and the proposition is therefore only to provide the increase as the 
financial condition, etc., may from time to time render most expedient. 

This concession may very easily result in the completion of the pro- 
posed increase at a much earlier date than 1916. But even if the pro- 
posed program should be closely adhered to, Germany's fleet would 
appear in the following years, thus: 



Year. 



MOO 

19QB 

1916 



Battlc- 
shipfi. 


Large 
cruise re. 


Small 
cniLsers. 


17 


10 


\i9 


29 


20 


51 


:« 


20 


45 



Divisions 

of torpedo 

boats. 



12 
16 
16 



It must be borne in mind that the total represented above in 1916 
will be in addition to nearly all of the present fleet, and that many of 
these last will still be serviceable years after they reach the age limit 
prescribed by law. However, the scheme of building a substitute 
ship at a definite time and of immediately replacing any unit lost or 
destroyed is admirable in the interest of maintaining the naval force at 
a definite legal status. A careful consideration of the proposed bill 
would seem to indicate that it is proposed to build up the navy as fast 
as possible and not in sixteen or twenty years. 

This increase in materiel necessitates a corresponding increase in per- 
sonnel, which is provided for by a total increase at the end of twenty 
years of 35,551 officers and men. This total is to be attained b}'^ an 
annual increase of 89 officers and 1,687 men. 

All the details connected with the expansion of the fleet have been 
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worked out with mathematical accuracy, and the additions to the per- 
sonnel consequent upon the largely augmented numbers of ships have 
also been settled with the same precision. 

The full list of numbers of officers and men proposed for the years 
1904 and 1920, is given as follows: 



1904. 



Flag officers 

Post captains 

Commanders (Frcgatten- und Korvetten-KapiUlnc). 

Lieutenant-commanders (Eapitanleutnante) 

Lieutenants (Oberleutnants zur See) , 

Sublieutenants (Lcutnants zur Sec) 

Eustgns 

Cadets 

Engineer officers 

Medical officers 

Accountant officers 

Rank and file 



19 
GO 
131 
234 
382 
274 



180 

182 

137 

25,089 



1920. 



32 

102 
224 
455 
G47 
628 
304 
140 
427 
341 
234 
54,920 



The formidable nature of the proposed extension of the German 
naval force is, perhaps, more evident from this table than from the 
program of new shipbuilding. The three grades of lieutenant-com- 
mander, lieutenant, and sublieutenant will together include upward 
of 1,700 names. Thirty years ago the number of lieutenants which 
sufficed for the wants even of the British navy was fixed at no more 
than 600. 

The following tables are taken from the bill for the increase of the 
navy and show the proposed method of execution. Table I shows the 
Ersatzbavlen (new ships to replace old ones) that will become due 
during the years 1901 to 1917. Table II shows the Vermelir^ings- 
bavten (new ships built for the increase of the fleet) that are required 
under the Naval Program of 1898 and this amendment. Table III 
recapitulates the data of the preceding tables. Table IV shows the 
proposed distribution of all Ermtzhiuten and VermehnmgshaxUen 
over the years from 1901 to 1916, inclusive. 

Table I. 



SHIPBUILDING PROGRAM FOR CARRYING OUT TH£ INCRBA8B. 

Schedule of the Eraatdiauien^ lalling due In accordance with the Naval Program: 

Battlcshipfl and armored coast-defense vessels 17 

Large cruisers 10 

Small cruisers 29 

Torpedo-boat divisions 12 

Total, ships and torpedo-boat divisions 68 

1 ^ew ships built to replace old ones. 
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List by name. 

BatUethipi and armored cocutrdefense vessels. — Bayem, Sachsen, Wurttemberg, Baden, 
Oldenbaig, Siegfried, Beowulf, Frithjof, Hildebrand, Heimdall, Hagen, Aegir, Odin, 
Kuifunt Friedrich Wilhelm, Brandenburg, Weissenburg, Worth — 17. 

Lmye cndsers. — E5nig Wilhelm, Kaiser, Deutschland, Kaiserin Augusta, Freya, 
Victoria Louise, Hertha, Vineta, Hansa, Furst Bismarck — 10. 

8maU erttisers. — Zieten, Blitz, Pfeil, Arcona, Alexandrine, Greif, Schwalbe, Sper- 
ber, Bassard, Falke, Seeadler, Condor, Cormoran, Geier, Meteor, Comet, Wacht, 
Jagd, Irene, Prinzess Wilhelm, Gefion, Hela, Gazelle, Niobe, Nymphe, C, D, £, 
F-29. 

Torpedo-boat divisions. — ^Ten divisions, small boats; 2 divisions, large boats — 12. 

The ErHotzbcmten for large ships fall due in the following years: 



Year. 



Battleship and armored coast 
deiense vesseLs, 17. 



I 
1901 Bay em. Sachaen, WQrttembei:^, Ba- 
den. 
1902. 
190B. 
19M. 
1906. 
1906. 
1907. 
190B. 
1009. 
1910. 
1011. 
1912. 
1913. 
1914. 



Larxe cruiuen, 10. 



Kdnig Wilhelm, Raiser, Deutschland. 



Large shim 
(to be built 
yearly), 27. 



OldenbuiK. 



1 
1 



Kaiserin Augusta. 



Siegfried. 



1 
6 



1915. 

1916. 
1917. 



KurfOrst Friedrich WQhelm, Bran- 
denburg, Wels8enbuzg,W5rth, Beo- 
wulf , Frithjof . 

HUdebraod 



HelmdAll, Hagen. 
Aegir, Odin 



Freya, Victoria Louise, Hertha, 

FuFBt Bismarck. 
Vineta, Hansa 



4 
2 
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Table II. 



ScHEDULB OF THE RBQUisiTB Vemiehrungsbauten.^ 



1. In accordance with the Naval Program. 

2. For a third squadron 

8. For a fourth squadron 

4. For foreign service 

Total 



Battle- 
ships. 



•10 
»1 



U 



Large 
cruisers. 



42 



^6 



8 



Small 
cruisers. 



n 

46 
62 

»7 



•16 



Torpedo- 
boat 
divisions. 


Total. 




1 


*i 


22 
8 




13 



89 



1 New 8hi]>s built for the increase of the fleet. 

*One small cruiser is stUl wanting to complete the number required by the Naval Program. 

*1 squadron flagship, 8 line-of-battle ships, 1 materiel-reserve ship. 

4 The two scouting groups (consisting each of 1 large and 3 small cruisers) and four torpedo-boat 
divisions belonging to one squadron. 

^1 materiel-reserve ship for the squadron of the Brandenlmrg and Sachaen class. 

<>The scouting groups belonging to the two divisions of armored coastrdefense vessels heretofore 
comprised 2 instead of S small cruisers. 

T Including 1 materiel-reserve ship. 

> Including 2 materiel-reserve ships. 

*0f these 15 are required by the amendment to the Naval Program and 1 in accordance with the 
Program. 

Table III. 

TOTAL NUMBEB OF NSW SHIPS BBQUIRBD. 





Batae- 
ships. 


Large 
cruisers. 


Small 
cruisers. 


Torpedo- 
boat 
divisions. 


Total. 


Enffl-tSbAUtPn T , , r ...... --r . --rr- ... 


17 
11 


10 
8 


29 
16 


12 
4 


68 


Vermehr»inK«*>ftnten . . ^ 


89 






Total 


28 


18 


46 


16 


107 
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Ml 



iM 
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n 



20 m 
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REMARKS. 

I. Building \>er\od 1?K)1-1906. 
Battleshipe: 

10 VermehrungHhatUen for the completion of the active battle fleet by a squadi 
of fully efficient battleships (1 fleet flagship, 8 line-of-battle ships, 1 mat^ri 
reserve ship). 
Large and small cruisers: 

Construction of the small cruiser still required by the Naval Program. 

2 + 6 Vermehrungshaulen for the two 8(X>uting groujw l^elonging to the ne 

squadron. 

ErsatzbcaUen for the large and small cruisers not servic^eable for war — f p ^ 

Large cruisers: — 

Konig Wilhelm, Kaiser, DeiUschland. 
Small cruisers: — 

Zieterif Blitz, Pfeil, Arcorta, Akxandrit^e, dreif, SchiiHiUte. m, 

Tor|)edo-boat divisions: 

1 Ersatz division; 4 Vermehrunga divisions for the two torpedo-l»oat flotillas 
belonging to the new squadron. 

II. Building period 1906-1909. 
Battleships: 

Ersatzbauieji for the ships of the Sitchsen class. 

1 Vemiehrujigsbau (materiel-reserve for the s(]uadron of the Bnindenlmrg and 
Sachsen classes). 
Large and small cruisers: 

6 + 7 Vermehrungsbauien for foreign service; 2 Vennehrungsbaulen for the (com- 

pletion of the scouting groups of the armored coast-defense divisions 
Ermizbouuien for the two small cruisers Sj)erber, Busmrd, 
Torpedo-boat divisions: 
4 Ersatz divisions. 

III. Building period 1910-1916. 

Battleships: 

1910-1914. Ertfolzbauien for the 8 armored coast-defense vessels of the Siegfried 

class and for the Oldenburg. 
1915-1916. Ersalzbavlen for the 4 battleships of the Brandenburg class. 
Large and small cruisers: 

ErsaizbauLen for the Kaiserin Augusta, the 5 shi])s of the Ilertha class, the Fiirst 
Bismarck, and for the small cniisers Falke, Seeadler, Condor, Comwran, (ieier. 
Meteor, Comet, Wacht, Jagd, Irene, Primess Wilhelm, Gefion, Hela, Gazelle, Niobe, 
Nymphe, C, D, E, R 
Torpedo-boat divisions: 

7 Ersatz divisions. 

Under the new bill Germany's home battle fleet will be composed of 
34 battleships, 8 large cruisers, 24 small cruisers and 80 torpedo boats. 
These are to be organized as shown in the diagram. * In consequence 
of the proposed increase the following principles are to apply to the 
keeping in commission of the home fleet: 

1. The first and second squadrons shall form the active battle fleet, 
the third and fourth squadrons the non-active battle fleet. 

^ The reserve is not shown in the di^^ram. 
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2. All the battleships and ciniisers of the active battle fleet and one- 
half of those of the non-active battle fleet shall be kept constantly in 
conimisision. 

* 3. Some of the ships of the non-active battle fleet which are out of 
commission shall be placed in commission tempoi-arily for the pui^pose 
of manoeuvres. 

Note. — ^The naval bill was passed by the Reichstag June 12, 1900, and will go into 
effect as soon as approved by the Emperor. The original bill provided for 38 battle- 
8hipe«, 20 large cruisers, and 45 small cruisers. The bill as finally passed by the 
Bondesrath and Reichstag provides for 38 battleships, 14 large cruisers, and 38 small 
cniisers. It aha) places the life of a small cruiser at 20 years instead of 15 years. 



ITALY. 

The total naval budget for 1900-1901 amounts to 122,17-i,671 lire. 
In the report of the general budget committee on the project of the 
principal credits for naval construction it is stated that Italy has at 
present on the stocks or in a more or less advanced state of construc- 
tion the following list of ships: 

First-class hattleships. — Emanuele Fili>)ei'to, Ammii'aglio di Saint- 
Bon, Regina Margherita, Benedetto Brin. 

Armored cruwers. — Francesco Ferruccio, (laribaldi, Varese. 

Sniall cruisers. — Agordat, Coatit, Puglia. 

Ten torpedo-boat destroyers and 3 first-class torpedo boats. 

The aggregate cost of these ships, including complete* equipment, is 
estimated at 146^ million lire. 

To these vessels already building Admiral Bettolo's naval program 
adds two first-class battleships. The cost of (tons t mention and arm- 
ament of the latter is estimated at 40 million lire, so that the total 
amount required for the four years from 1899 to 1908 is, in round num- 
bers, 186 million lire. 

The funds remaining available at the begiiuiing of the fiscal year 
1899-1900 were 20,650,000 lire; the normal credits of the budget 
for the five years from 1899 to 1904, for construction of ships, are 
120,400,000 lire; hence there is a discrepancy of about 45 million lire 
between the estimates and the credits. The proje(tt provides for 40 of 
the 45 million by allowing an additional credit of 10 million a year 
under the respective head of the budget for the present year and three 
succeeding years. The remaining deficit of 5 million the minist-er of 
marine hopes to provide for by economies in the budget. 

According to the text of the draft of law agreed upon between 
the minister of marine and the parliamentary committee, beginning 
with the financial year 1899-1900, and for the three succeeding years, 
including the financial year 1902-1903, an annual extraordinary expense 
of 10 million lire is authorized for shipbuilding, to be entered under 
extraordinary expenses, in addition to the amounts pla(;ed on the 
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budget for the same purpose under the head of ordinary expenses. 
The extraordinary expenses and the ordinary credits for shipbuilding 
during the said four yeara are to be employed to hasten the comple- 
tion of the ships now under construction or in proce>ss of equipment; 
as far as the terms of the contracts with private firms permit, and to 
the laying down of the two fii'st-class battleships. 

The amounts to be placed annually on the naval budget, under the 
head of ordinary expenses for shipbuilding, including the quotas 
which remain to be entered on the amounts authorized bv the law of 
July 28, 1891, and which will be transferred to the head of ordinary 
expenses, are fixed for the fiscal years from 1899 to 1904 as follows: 

For the fiscal year — lire. 

189^1900 23,600,000 

1900-1901 24,500,000 

1901-1902 24,400,000 

1902-1903 24,000,000 

1903-1904 24,000,000 

Beginning with the present fiscal year, including the residue of the 
budget of 1898-99, and up to and including the fiscal year 1903-04, 
there will be available for shipbuilding the sum of 141,049,446 lire, to 
which must be added the extraordinary expense authorized under the 
present project of law, 40,000,000 lire, or a total of 181,049,446 lire. 
With this total sum the following program is to l^e carried out: 

Lire. 

1. Construction of 2 new battleshipn 40,000,000 

2. Completion of equipment of battleships P'diberto and Sainl Ban 3, 060, 990 

3. Completion of construction of Benedetto Bririj Regirui MargheriUiy and 

Ferruccio 72,392,700 

4. Equipment of cruisers PUglia, Agordat^ and CwUit 1, 656, 161 

5. Completion of Garihcddi and Varese 19, 959, 440 

6. Completion of 10 destroyers and 3 torpedo boats 12, 894, 550 

7. Constniction of boats and craft for harbors and navy -yards 5, 500, 826 

8. Additional expense for labor 30,502,000 

Total 185,966,677 

which is 4,917,231 lire more than the sums provided, and which 
amount the minister of marine proposes to provide by economies in 
the budget. 

JAPAN. 

The Naval Program of 1895 provided for the building of 54 vessels 
by 1901 and 63 more by 1906, making a total of 117 war ships. These 
were divided as follows: 4 battleships, 4 first-class armored cruisers, 
3 second-class armored cruisers, 2 third-class armored cruisers, 15 tor- 
pedo cruisers, 89 torpedo boats. 

All these vessels are at the present either completed or in process of 
construction, and it is probable that a new program will shortly be 
decided. The budget for 1900 amounts to 46,946,193 yen. In addi- 
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tion to the yearly budget there is a special fund for the maintenance 
of vessels of the Japanese * navy which was enacted by the Diet of 
1898-99. The act creating^ this fund is as follows: 

Art. I. A fund is hereby set aside for the maintenance of vessels of the navy, and 
0Qch fund shall be treated as a special account, separate from the general account. 

Art. II. Thirty million yen is hereby appropriated for the fund from the indem- 
nity fund kept in special account. 

Art. III. At the beginning of each fiscal year from 1904 a sum equal to the aggre- 
gate of the following percentages of the cost of vessels on the navy list the last day of 
the preceding fiscal year shall be added to the fund from the general finance: For 
protected veBsels, 3.9 per cent; for unprotected vessels, 5.4 per cent; for torpedo 
craft, 6.5 jier cent. 

Art. IV. When vessels have reached the age shown in the following table no fur- 
ther annual payments shall be made on their account: Protected vessels, 25 years; 
unprotected veasels, 18 years; torpedo craft, 15 years. 

Any vessel struck from the navy list after the year 1904, before having reached the 
age prescribed in the above table, a sum equal to the total amount of the annual 
payments remaining for such vessel shall be paid into the fund from the general 
finances. 

Art. V. The fund shall be held in trust by the treasury department, and the inter- 
est accruing shall be added to it. 

Art. VI. The interest from the fund and the annual payments made upon account 
of the deterioration of vessels shall be used for building vessels to recruit the navy, 
bat the original fund of thirty million yen shall be left intact. 

Art. VII. The Government shall each year prepare estimates of the income and 
disbursement of the fund, and shall lay it before the Diet, together with the budget. 

In regard to the proposed new construction for the Japanese navy 
the following extract is taken from the Jiji Shimpo of May 5, 1900: 

It is now high time, naval ofiicers say, for Japan to plan the third naval expansion 
scheme, and we hear that an item for construction of new vensels will appear in the 
budget of the coming fiscal year. As to the program of new naval expansion the 
naval authorities undoubtedly have plans, but the difficulty in to make the minister 
of the treasury consent to the disbursement of the required sum, and it is impossible 
to foresee in what form the program will appear in the coming Diet, because of the 
uncertainty of the result of the conference between the departments of the navy and 
treasury. Thus far the minister of the treasury seems to have practically consented 
to the disbursement for new construction of two million yen in addition to the three 
million yen, interest of the naval supplementary fund, provided by the Diet two 
years ago. But five million a year is quite an inadequate sum. Many officers are 
of the opinion that if the treasury can not afford to allot more money to the navy 
it is better to build a number of destroyers, since the most powerful battleship can 
not escape surrounded by over ten destroyers. It seems that during the late 
manoeuvres valuable experiments were made, which indicated the great offensive 
efficiency of vessels of the destroyer class, and as it costs only 500,000 yen to build one 
destroyer this opinion will probably be generally approved by naval officers. As it 
has already been decided to build six destroyers instead of one torpedo tender, there 
is no doubt that demand will be made in the coming Diet for the construction of 
more destroyers. Whatever may be the program of the new naval expansion 
planned by the naval authorities, they will hesitate to demand a large appropriation 
for new construction, as it will be very difficult to obtain the consent of the Diet, and 
it is probable that not more than five million yen will \ye thus expended by the 
coming Diet. 
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RUSSIA. 

Early in 1898, following the example of the European powers, 
Russia formulated a program of new construction. For this purpose a 
sum of 90 million roubles was set apart for the completion in six years, 
ready for sea, of 10 armored cruisers, 10 second-class cruisers, and 20 
destroyers. This program was in addition to the annual program 
outlined by the naval estimates. 

This program was changed for various reasons, and it was finally 
decided to build 8 battleships, 8 large cruisers, and 20 destroyers with 
the amount appropriated. To complete these ships in the given time, 
it was necessaiy to place contracts for several of them abroad, but at 
the same time care was taken to reserve enough of the money to keep 
the shipbuilding yards at home fully occupied in completing their share 
of the program and to develop the existing Government factories 
for the production of guns and armor. The present output of these 
latter, although much increased, is still insufficient to keep pace with 
the acceleration in the rate of ship construction in that country. 

Notwithstanding the fact that the progress made with existing pro- 
grams has not been as rapid as was expected and that her naval 
budget has steadily increased from 29 million dollars in 1897 to 45 
millions in 1900, it is currently reported that the Russian Government 
has in preparation and will shortly announce a new and extensive pro- 
gram for the increase of her fleet. 

SPAIN. 

The following royal decree in regard to the Spanish navy, together 
with the argument of the minister of marine, is taken from the Remsta 
Oeneral de Mari/na^ June, 1900: 

EXPOSITION. 

Madame: There is no doubt that Spain for her existence requires a navy propor- 
tionate to the country's available resources for maintaining it in effective condition, 
that such navy should conform to the new conditions for naval materiel imposed by 
the loss of our colonial possessions, and that it should be capable of assisting effect- 
ually in the defense of our territory and count as a factor among military forces, and 
it is well known that our present navy does not answer any one of these requirements. 

It is imperative to take energetic steps for remedying this state of affairs by laying 
down a definite basis for the creation of materiel of military value and of personnel 
that will in time be able to handle it efficiently, when it has become inured to life 
on the sea and been trained in the management of the weapons of warfare that are 
indispensable for the effective operation of a squadron; and the first step for attain- 
ing these results must be to discanl all matdriel which is worthless from a military 
standpoint, w^hich needlessly absorbs a considerable part of the budget funds and 
serves no other purpose than to maintain a show of strength which will be a source 
of terrible disillusion when the time comes for putting it to the test, and which calls 
forth just criticisms on the part of those who are competent to judge of our naval 
strength. 
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One of the greatest and moet widespread evils to which a long period of national 
calamities has led us is that we are easily satisfied with the appearances of the serv- 
ice and the purely external form of our institutions, without paying sufficient heed 
to the true substance and efficacy which may he expected from the exercise of their 
functions; and while many oiiganisms of the state suffer from this deep-rooted evil 
the former, subjected to the severe test of a foreign war, have suffered greater pun- 
ishment, paying with the sacrifice of their blood and, in some instances, with heroic 
martyrdom for such sad mistakes. 

The undersigned minister helieves it his duty not to carry to the next naval budget, 
nor to maintain on the present one, any ships that are not of positive value for the 
military servic^e of a squadron, and to state their exact number and properties, sell- 
ing or breaking up everything worthless in that respect. For it is obvious that to 
maintain vessels that possess no fighting value, nor can assist war ships in battle, nor 
render services in time of peace is an unjustifiable expense. 

Hence the first step — the most natural and most easily understood by ordinary 
common sense, yet not the least painful among the many steps which will })e neces- 
sary in order to reconstruct a navy truly worthy of that name — ^must be an examinar 
tion of the floating materiel which we possess at present and its immetiiate reduction 
by whatever is obviously worthless for the necessities of the naval 8er\nce. 

The PelayOy with the modifications recently made in the protection of her battery 
and in her boiler system, machinery, and armament, is a second-cla*« Ijattleship of 
great offensive power by reason of her armament, and in good condition. With a few 
further repairs and reduction of the woodwork she will be an efficient war ship, in 
condition to render good services in conjunction with others of the same class. 

The Carhs V, though sometimes classed as a battleship, can in reality not \ye 
considered anything more than an imperfectly protected cruiser, owing to the lack 
of 15-centimeter armor, and is at the same time of small offensive power; but her 
speed of 19 knots and her radius of action render her of undoubt<?d value in a war, 
under the protection of other battleships, as long as she preserves her speeci. 

The Numancia and Viioria, whose protection is slight, though well distributed, and 
which have only one engine, a speed of not exceeding 1 1 knots, and scant armaments, 
may still be use<l for coast defense or attacks upon poorly armed cities or ports. 

The Rio de In PictUi and Ejrtremadura, being cniiscrs without lateral protection and 
without armament to speak of, can be employed only on missions in time of peace; 
for if they were employed in time of war, though only in the pursuit of hostile mer- 
chant vessels, they would soon l)e captured and destroye*! by armore<l and protected 
cruisers of greater spee<l than 19 or 20 knots, which is all they are able to develop, 
and they could only fulfill, in an imperfect manner, the functions of dispatch boats 
in cxMist defense and under the protection of fortified pla<*es. 

The Alvaro de Baz&n, Maria de Moliruif and Mar (pies de la Victoria also lack military 
value; but if their conditions are improved so as to endow them with great speed, 
they might be utilized as dispatch boats and for missions in time of peace, under the 
same terms as the preceding ones; also to assist the army in quelling civil disturbances, 
or to reduce unfortified points or very inferior ships. 

The NaulUus is being used at present only as a training ship for midshipmen, and 
must continue to be employed as such until some other vessel, cquipjx^d lx)th for sail- 
ing and steam power, is acquired to replace her to good advantage, after which she 
may serve as training ship for midshipmen, boatswains, and seamen, in place of the 
T'7/to de BilbaOy which can no longer navigate, but has to be kept in commission tem- 
porarily to discharge the service of instruction, though in a very imperfect manner. 
The Urania fulfils the functions as surveying vessel, for which purpose she is well 
adapted, and should be so employed until the completion of this tedious work, which 
does honor to car navy by the thoroughness and conscientious manner in which it is 
being done. 
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The Oiraldaj thanks to her good condition and speed, though devoid of military 
value and defective in several respects as dispatch boat, can nevertheless do duty in 
missions of peace and for international services which the navy may have to perform. 

The Infanta Isabel^ also devoid of military value, is suitable for service in the Cana- 
ries, on the Gold Coast, and our colonies in Guinea, and must continue to serve in 
that capacity as long as there is no other ship of military efficiency to fulfill that 
function. 

Similar considerations make it advisable to retain the Nueva EspaHa, the generous 
gift of our Mexican brethren. 

The destroyers and torpedo boats can, for the greater part, be utilized for war pur- 
poses. But all should be carefully examined in order to classify them and utilize 
those which are found in good condition, assigning the same to service as gunnery, 
machinery, and torpedo training ships for practice, as well as cruises on the sea. But 
this requires a thorough technical examination of each one. To make a final decision 
now without such examination would be unpardonable carelessness. This applies to 
the following: Destructor ^ Terror^ AudaZf Osado, Proserpinaj Halcdn, AzoTj Ariete, RayOj 
Oridfif Barceldf Orddflez, AcevedOy and Habana, which, with two tenders for service on 
the coasts of Guipdzcoa and two more for service in the Balearic Islands, gunboats 
Concha and MagaUanes, and a pontoon for service at Fernando Po, the Ponce de LeSn^ 
Perla, and MaC'Mah6n for the protection of fisheries in the Guadiana, Miilo, and 
Bidassoa rivers, which on account of their shallow bottoms can not be entered by 
vessels of any other class, the I^epanLo as torpedo, gunnery, and machinery training 
ship, the Asturiwa as a naval school, gunboats Vasco, Nufiez de Balboa^ Hem&n CortSs, 
and the Nueva Espaiiay already mentioned, designed for harbor service in thedeparta- 
mentoH, and cruisers Card^rutl Cisnero»^ Princesa de AsturiaSj and CatalufUif the latter 
under construction, will constitute our total strength afloat, viewed in the most gen- 
erous spirit of prevision, an<l greatly stretching our needs for missions and services of 
peace, for maintaining civil order, and for our relations with the African coasts, and 
without discarding from the naval forces anything unless from informal hearsay and 
technical information from various nources it is known to be unquestionably worthless, 
even prejudicial, on account of the personnel that must l)e assigned to it and the 
material it consumes, even though reduced to a minimum, without being able to cruise 
nor render services of any kind. 

This applies also to the Alfonso XII T, similarly defective as the ill-fated Reina 
Regenle, of 4,826 tons. This ship being without vertical protection of any kind, hav- 
ing only a protective deck, lacking stability, with engines badly mounted, a speed 
of scarcely 12 knots, it is the general opinion of the technical authorities of the navy 
that she should not be allowed tx) go to sea unless extensive and costly repairs are 
ma<le, so as not to expose her crew to probable disaster. She would only be an 
impediment and ol)stacle for any squadron or naval division, nor can she be utilized 
for defensive operations, nor on missions of peace, for which purpose, moreover, 
there are on hand sufiicient ships in proportion to the resources which should be 
assigned to such services under a reasonable naval budget. 

The Alfonso XII, Temerarxo^ Vicente YdTiez Pinzdn and Martin Alonso Pinzdn are 
ships without military value of any kind, lacking protection for their sides as well 
as their armaments, engines, and boilers, and could therefore l)e promptly destroyed 
not only by modern guns, but even by obsolete ones; they have no speed and can be 
utilized at best for missions of peace and the unprofitable office of pursuing contra- 
band, while absorbing to no advantage whatever, the same as the Marques de la 
Ensenaduy a good portion of the naval budget; they are the subject of grave and well 
justified censure, and serve no other purpose than to figure in the list of an abso- 
lutely fictitious squadron. 

The Conde de Vmadllo an<l laahel 7/ are small ships and no longer in (K)ndition to 
go to sea. The Centro Consultivo (advisory l><»ard) has suggested the possibility of 
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keeping them, plans having been made for renewing their boilers; but upon exam- 
ination of the contract which it was intended to carry out, it ia found that the boilers 
which wonid have to be installed on board these ships would cost 500,000 pesetas, to 
which must be added the expense of tearing up part of the decks and rebuilding 
tiiem after the new boilers have been installed, which is estimated at about 60,000 
pesetas for each of the ships, and it would take a year before they could be ready. 
As to employing them for quelling civil disturbances, experience has shown that for 
SDch purposes ships of less tonnage are more suitable. 

The paddle-wheel transport Oeneral ValcUs is worthless. It would require con- 
siderBble expense in repairs merely to enable her to leave port. She consumes 
enormoos quantities of coal and is, in the unanimous opinion of the corps of the 
navy, inefficient for the services which she is intended to render. 

The torpedo boats Betamosay Rigdf EjhdlOy and Castor, gunboats Eulaliay Pilar, 
Condor, AguUa, Cuervo, and Tarifa, and tenders Concha, GadUana, Fez, San Mateo, 
Mariana, ArdiUa, and Guinda are deemed, in the unanimous opinion of superior 
officers and other competent men who are well acquainted with their condition, 
absolutely unserviceable. 

It is not the object of this decree to effect economy, but to apply the credits 
allowed in the present budget to better advantage, and therefore what remains of the 
personnel and materiel of the above-named ships will be employed toward com- 
pletmg the crews of the Pdayo, Carlos V, Numancia, and Vitoria, as far as their pres- 
ent accommodations permit or as far as they can prudently be increased, for officers 
as well as machinists, boatswains, and other classes, who are to devote themselves 
to the instruction of their crews in navigation and practice of every kind. 

But it is imi)erative at the same time to provide for the instruction of the officers 
and men who are to constitute in the future an efficient personnel, well trained and 
inured to the sea, designed to command and man the future squadron, without the 
great expense necessitated by maintaining a number of warships constantly under 
steam, and for that purpose it is expedient to acquire, for the present, two ships 
equipped for both sailing and steam power, of about 2,000 tons each, to be fitted so 
as to enable them to receive on board the greatest possible number of officers and 
subaltern classes, for the purpose of visiting the principal navy-yards of Europe and 
extending their cruises to South America, the Pacific, the coasts of the African conti- 
nent, the Suez Canal, and the waters of India and China, and to the acquisition of 
such ships should be assigned the proceeds of the sale of vessels which may Ixi declared 
onservioeable, or the funds turned into the treasury from that source, subject to the 
law of accounts. 

The personnel which, imder this reorganization of the naval service is not assigned 
to sea service, which will be limited, will constitute a well-justified charge uix>n the 
country, and in anticipation of a future increase of the naval materiel such personnel 
should remain at the centers of instruction of the navy and its shipyanln and should 
therefore be assigned to these naval establishments and the torpedo, gunnery, and 
machinery school, until the time arrives when the strength of our navy i.s i)laced on 
a definite footing through the intervention of the Cortes. 

This is the first step to be taken for accomplishing the reorganization of a navy 
capable of fulfilling the requirements expressed at the beginning of this preamble, 
and it should be followed by further measures bearing upon the revision of the fun- 
damental law of the navy, so as to make promotion to the rank of admiral elective, 
to decrease the age of retirement from active 8er\dce, to enforce the terms of embar- 
kation, and to define the manner of effecting the classification and selection of the per- 
sonnel of the different corps of the navy, the new regulation for the subaltern classes 
and their passive rights, the new constitution for the grading of reserves and their 
duties, the reorganization of the administration of the navy-yards by separating the 
technical and industrial from the military and naval administration, the ''decentral- 
ization " and simplification of the centnd administration of the navy, the creation of 
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naval reserves, and other measures of reorganization which for their realization 
require the cooperation of the country and the good will of all jmrties. 

Based on the foregoing considerations and substantially in conformitv with the 
report of the Centro T^cnico Consultivo, which has pronounced its opinion on the 
basis and antecedents referred to it for its examination and opinion, the undersigned 
minister has the honor of submitting to Your Majesty for approval the following 
decree. 

Francihco Silvela. 

Madrid, May 2S, 1900. 

. ROYAT. DECREE. 

In confoniiitv with the recommendations of the minister of marine, with the 
approval of the council of ministers, in the name of my august son, King Alfonso 
XIII, and as Queen Regent of the Kingdom, I decTee as follows: 

Article 1. The ships hereinafter enumerated, after taking out those whose hulls 
can l)e utilized as floating depots for coal, ammunition, or materiel for submarine 
defense, shall be dismantled and struck from the lists of the navy, and immediate 
steps shall be taken for selling them or breaking them up: 

Cruisers: Alfonso XIII, Alfonso XII, Conde de VmadUo, Isabel II, MarqvU'x <h la 
Etiseflada, and Temerario. 

Torpedo gunboats: Martin Alxmso Pinzdn, Vicente Ydrwz IHnz&ii, and Marques di 
Molins. 

Transport: General Valdh. 

Gunboats: Exdalin, Pilar, Cmid^r, Aguila, Segura, Oturro, an<l Tarifa. 

TorjXHio boats: Retximosa, Rigel, Ejhcito, and Castor. 

Tenders: (hivcha, Oiulilwui, Mnrciami, Ardilla, and Chiinda. 

Art. 2. Of the remaining ships, the Numanda, Tltoria, and Infanta Isabel shall be 
struck from the list when it may become necessary' to renew their present boilers or 
when they shall require other extensive repairs. 

Art. 3. The credits allowed under the present budget for the maintenance of the 
personnel and the ships the dismantling of which is ordered in article 1, shall be 
employed toward completing and increasing the crews of the Pelnyo, Carlos V., 
Nuniancin, VitorUi, and Nautilus, as far as their present quarters permit, or as far as 
additional ones can prudently be built, for oflRcern as well as machinist^*, Ixmtswains, 
gunners, and other sulmltem classes, who are to devote themselves to the instruction 
of their crews in constant cruises and practice of every kind. 

Art. 4. On board the cruiser Lepanto shall Ix? established a tc^rpedo, gunnery, and 
machinery training and i)ractice school which, together witli the ships mentioned 
in the foregoing article, shall contribute to the instruction of the personnel. 

Art. 5. With the proceeds of the sale of the ships enumcrate<i in article 1, and the 
savings thereby effected in the budget, or with the funds turned into tlu» treasury 
from these sources, subject to the fonnalities reciuinMl by the law of accounb*, imme- 
diate steps shall be taken for the acquisition or constructi(m, in Spain or abroad, of 
two ships equipped for sailing and steam power, of about 2,000 t<Jns eat^h, which 
ships, fitted out so as to l>e able to accommodate the greatest ix)ssiblo lumiberof ofli- 
cers and subaltern classes, shall proceed in the shortest potw^ible time to visit the prin- 
cipal navy-yards of Europe, extending their cniist^s to South America and returning 
home by way of the Pacific Oc^an, the waters of Australia and India, and the Suez 
Canal. 

Art. 6. Considering that the personnel of the navy will 1k^ only temporarily 
affected by these modifications, as long as the strength of the new navy has not been 
definitely decided upon and the composition of the different corps of the navy regu- 
lated in accordance therewith, the present status shall not be increased, and the 
chiefs, oflTicers, and subalterns who can not be given employment in the service 
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afloat shall be aseigned to the navy-yardf4, the (^entere of instruction, and the torpedo, 
gnnnery, and machinery training school, where they shall receive in full the pay to 
which they are entitled in accordance with such aflsignments. 

Abt. 7. The minister of marine is authorized, with the approval of the minister of 
the treasury, to decide such questions as may arise when the dispositions made 
necessary for carrying out the terms of this decree are put in force, and a report 
thereof shall be made to the Cortes at their first session. 

Given at the palace on the 28th day of May, 1900. 

Makia Ckistina. 
Francisco Silvela, 

Mtnister of Marine. 

AUSTRIA. 

The Austrian naval estimates for the year 1901 for ordinary expenses 
amount to 28,521,660 crowns (an increase of 2,965,610 crowns over the 
preceding year) and for extraordinary expenses to 14,969,160 crowns 
(an increase of 1,058,710 crowns over 1900). 

The ordinary estimates include, among others, the following items: 
Last installment for construction of torpedo cruiser Anpem (''B"), 
2,350 tons, to replace Helgoland; third installment for torpedo cruiser 
" C," 2,350 tons, to replace Fdsana; second installment for ram cruiser 
"E,-' 7,300 tons, to replace Radetzhj; last installment for small mine 
tender of 200 tons; first installment for battleship "A," 10,000 tons, to 
replace Lwudmu 

The extraordinary estimates include, among others, appropriations 
for armaments of ships under construction and ammunition therefor; 
mines, torpedoes, and torpedo nets; work at coaling and torpedo sta- 
tion Teodo; last installment for enlarging magazines at Vallelunga and 
mine establishment at Fisella; construction of magazine at Fisella for 
torpedo ammunition and gun cotton; construction of five fire proof 
magazines at the equipment arsenal; last installment for cruiser Kaiser 
Karl YI ("D"), 6,250 tons; fourth installment for cotust-defense ves- 
sel of 8,340 tons (Battleship I); third installment for Battleship II, 
8,340 tons; second installment for Battleship III, 8,340 tons. 

DENMARK. 

The ordinary naval budget for 1900 amounts to 7,100,000 crowns. 
Under new construction is an item of 514,000 crowns for the comple- 
tion of the battleship Herluf-Trolle^ which was recently launched, and 
a first credit of 371,000 crowns for the construction of a new battleship 
of the same type. 

HOLLAND. 

The naval budget for 1900 amounts to 15,959,262 florins, of which 
sum 6,755,905 florins is devoted to new construction. The increase of 
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the fleet has been given much attention, and a building program extend- 
ing over a period of ten years is projected. In addition to the present 
fleet, the new program proposes 4 more battleships of the Koningin- 
Regentes type, one of which is now building; 2 smaller battleships 
for interior waters, 3 monitors, 14 gunboats, 21 seagoing torpedo 
boats, and 12 smaller torpedo boats. The estimated cost of this pro- 
gram, including the Kormigin-Regentes and sister ship building, is 
41,082,000 florins. By authorizing each year 4,200,000 florins for new 
construction the above progi'am will be finished in 1909. All details 
have been carefully worked out and the building evenly distributed 
over the proposed period. 

SWEDEN. 

The naval budget for 1900 amounts to 20,619,600 crowns. A credit 
of 5,376,000 crowns is allotted for construction of the three new bat- 
tleships of the same type and dimensions as the first-class battleship 
Dristigheten^ building at Gothenburg. 

Four million nine hundred and twenty thousand crowns is estimated 
as necessary to thoroughly overhaul and modernize the coast-defense 
battleships Svea^ Gota^ and Thvle^ of which 2,500,000 crowns is to be 
expended in 1900 and the remainder in 1901. Besides the above cred- 
its, others are inscribed for the completion of the Drwtigheten^ the 
corvette Jarramaa^ the torpedo cruisers CUiH' Uggla and Puilander^ and 
seven torpedo boats. 
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''A," cruiser, 6,000 tons, was to be laid down at Sevastopol in 
March, 1900. 

"B," ''C," '*D." .Three similar ciniisers to be laid down at same 
place later in the year. 

Battleships ''A" and '' B" were reported laid down at St. Petersburg 
on the launching of the Pdbleda (battleship), and Aurora (armored 
cruiser). May 24, 1900. 

Adnniral Budtakoff^ coast-defense ship, 6,000 tons, of the Ajyrax^ine 
type, laid down at St. Petersburg. 

Four transports, to be laid down at Nicolaeff for the Black Sea 
service. 

GERMANY. 



Name. 



"G"' 

"I" ' . 
"I) "a 



01088. 



Battleship, flrKt clasH 



do 

do 

Small cruiser 

do 

do 

Gunboat 



Tonnage. 



11,081 

11, OKI 

11,081 

2,800 

2,800 

2,800 

»900 



Place. 

Imperial Yard, Wilhelmi}- 
haven. 

Vulcan Works, Stettin 

Germania Works, Kiel 

do 

Bremen 

(k>rmania works, Kiel 

Danzig Yard 



Date. 



Nov. — ,1«99 



Nov. 
Apr. 



—,1899 
— , 190O 



1 Kaiser Fried rich III class. 



^Gazelle class. 



3 Probably. 



'^B," armored cruiser, sister to the Prhtz llelnrUtK^ 8,000 tons, to 
be laid down at the Imperial dockyard, Kiel. 

EvHOtz KaiHei\ battleship, to be laid down in 1900, to replace the 
Kaisei\ 

Ersatz Deutacltland^ battleship, to be laid down in 1901, to replace 
the DeutHchland. 

Three "high sea" torpedo boats, to be laid down at Krupp's, Kiel. 

ITALY. 

'^A.,'' one of the four 8,000-ton battleships, is reported to have been 
ordered from the arsenal at Spezzia. 

AUSTRIA. 

"Ill," coast-defense ship, 8,340 tons, to replace the Erzherzog 
Alirecht, 

BRAZIL. 

Foui- toipedo cruisers, 1,060 tons, of the Tamoya cliiss, ordered from 
Krupp's Germania Works. 

JAPAN. 

"1," cruiser, third class, 3,000 tons, ordered to be built at the dock- 
yard at Yokosuka, Japan. 

"2," cruiser, third class, 3,000 tons, ordered to be built at the dock- 
yard M> Kui'c, Japan. ' 
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SWEDEN. 

*'A," battleship, 3,650 tons, laid down at the Kookuni Works, Malnio. 

*' B," battleship, 3,650 tons, laid down at the Bcr^sund Works, Stock- 
bolm. 

*'C,'*' battleship, 3,650 tons, laid down at the Motahi-Lindholm 
Worki4, Gotaborg. 

Ships iaunched since ij^st keport (November, 181)9). 

ENGLAND. 



Name. 



ClasH. 



Tonnage. 



Satlej ' Cniiwr, first claas. 

Staif Torpedoboftt destroyer 

CwsPT j Armored cruiser 

Asarance Tug 

Cmrker ' do 

Pandora., i Cruiser, third class . . . 

Sbeerwater Sloop 

Vestal do 

Mntine ' do 

Enterprise 

amich 

Myrmidon 

Abouklr 



Tug 

Torpedo-boat destroyer 
do 



Armored cruiwr. 



12,000 
300 

12,000 
300 
700 
2,200 
980 
980 
980 
:K)0 

.300 
12,000 



Built at^ 



Begun— Launched — 



Clydebank j Aug. 15, 1S9S 

Thomycroft ' 

Gla.sgow ! Oct. 12, 1.S98 

Paisley | July 27,1899 

Gla.sgow I Feb. 10,1899 

Portsmouth ' Jan. 3,1898 

Sheemoss ' Feb. 1,1899 

do do 



I 



Birkenhead j Nov. 2, 1898 

I»aiflley Aug. 30,1M99 

Govan 

Jarrow 

Glasgow ' Nov. 8,1S98 



Nov. 18,1899 

Do. 
Dec. 4, 1899 
Doc. —,1899 
Dec. —,1899 
Jan. 17,1900 
Feb. 10,1900 

Do. 
Mar. 1,1900 
Feb. 2.S, 1900 
Mar. 22. HHH) 
Juno — , IIKX) 
May 16,1900 



**213" 

Montcalm . . . 

Vatagan 

Pique 

fkuconnean. 

Dnpleix 

Gloire 



FRANCE. 



Torpedo-boat 

Armored cruiser. 
Torpedo-boat das 

do 

do 

Armored cruiser. 
do 



9,517 
311 
311 
303 

7,700 
10,011 



Havre 
La Seync 
Saint Nazaire 

Havre 

Normand . 
Rochefort 
Lorient... 




Nov. 3, 1S99 

Mar. 27, liHO 

Mar. 20,1900 

Mar. 31,11HK) 

Apr. 2. Um 

Jan. IK, is'.n) ' Mar. 2s, imx) 
Sept. 5, IMKj I June 27, 191K) 



RUSSIA. 



Skat.... 

Kit 

Aakold . 
Pobieda 
Anrora . 
Bayan.. 



Torpedo-boat dcs 

do 

Ann^rcd cruiser. 

Battleship 

Armored cruiser. 
do 




I Oct. 2I,1S'.>9 

I Nov. :{0,iy.)«) 
.: Mar. irviiHM) 



7,800 LaSeyne 



Aug. 1,1.M)S May 21,1900 
Oct. 31,1890 I Do. 

Mar. — ,189*) j Juno— ,11HX) 



GERMANY. 



"fl-100" 

-6-97" 

••8-93" 

PrinjE Heinilch . . . . 
Kaiflcr Barbaroflsa . 



Torpedo-boat des 

do 

do 

Armored cruiser. . . . 
Battleship, first-class 



8,880 



Elbing. 

do. 

do. 

Kid . . . 



Dc<'. 1,1S<).S 



11 , 081 Danzig Aug. :i, 1 s9.s 



ITALY. 



Apr. 21,11HK) 
Dec. ^^),1^99 
Jan. 31,11HK) 
Mar. 23,1«M)(J 
Apr. 11,1900 



Frtcchift 



Torpedo-boat des 



320 



Elbing ; I Nov. 2:'..1899 



2597— No. XIX 
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Shi2>9 hmriched ^n<r iant report (yovernbctj 1899) — Continued. 

HOLLAND. 



Name. 


Class. 


Tonnage. 


Built at— 


Begun— Launched — 


Scylla 


Ton>eclo boat 


140 


Yarrow 




June 1G,1900 













Niji 

Usugumo 

Iwatc 

Chlhaya . 



Noi^e ... 
Eidsvold 



JAPAN. 



Torpedo-boat den 

do 

Armored cruiser. 
Torpedo gunboat 



9,700 



Yarrow 

Thomycroft 

Elswick 

Yokosuka .. 



Dec. 16,1S99 
Jan. 16,1900 
Mar. 29,1900 
May 26,1900 



NORWAY. 



Battleship, second 
cla.ss. 



.do 



3,850 



EI»wick 



3,850 do 



Mar. 31,1900 



—.1899 June 14,1900 



CHINA. 



Kicnngan Cruiner 



Foochow ' 1 Mar. 3, 1900 



TURKEY 



Saidl Chadi 



Ounboat. 



Ism id t 



,1900 



SPAIN. 




2,030 i Cadiz, 



Feb. 22, 1899 ! Apr. 19, 1900 



STEAM TRIALS. . 

ENGLAND. 

The Admiralty has directed that in future when a v^essel is built 
at a private dockyard and is sent to a naval port for her official trials 
the contractors are to l)e allowed to subject the vessel to a basin trial 
of her machinery, and also a preliminary trial at sea, before she com- 
mences her official trials. 

Hitherto it has frequently happened that a ship has been sent on a 
thirty hours' trial without the engineering staff having a fair oppor- 
tunity to make the necessary adjustments in the machinery. The 
Admiralty also directs that in future every vessel is to have a basin 
trial after her machinery has been opened out for inspection, on com- 
pletion of her official trials. 

Battleships, 
uoliatii. 

The eight hours' full-power trial of the Goliath^ completing her 
series of trials, took place in the English Channel on November 22, 
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when the following satisfactory results were attained: With the ship 
pnu-ticall}' on an even keel — her water draught being 26 feet forward 
and aft — and steam at a boiler pressure of 290 pounds per square inch, 
the revolutions of the starboard and port engines were 108.1 and 109.8 
per minute, and the power developed by them 6,998 and 6,920, respec- 
tively, or a grand total of 13,918 indicated horsepower, being 418 in 
excess of that contracted for — an eminently satisfactory result — both 
engines and boilers having worked remarkably well, the coal consump- 
tion on the trial having been 1.91 pounds per indicated horsepower per 
hour, and the speed of the ship in the same time 18.4 knots. 

As a battleship, or any class of war ship, is seldom called upon to 
exceed the normal rate of steaming attained by her on a thirty hours' 
coal-consumption trial at four-fifths of her full power, the results 
given above show that the Goliath^ as regards her capabilities in this 
direction, can claim to hold first place among the sister battleships of 
her class. 

As special interest is now being taken in the application of the 
latest improved Belleville boilers to war ships, practical tests have been 
made at the boiler works of John Penn & Sons, at Doptford, with two 
of the boilers of the Goliath^ to determine funnel-base temperatures, 
coal consumption, feed water used, evaporation, etc., the results of 
which are herewith given in tabulated fomr. 

T&t trials of two of the bailers of H. M. S. Gol'mthy mad<! by John Pctm cO Somty at Dept- 

ford. 



Dbteof trial 

Dufadon of trial 
lypt* of beilbr . . . 



Kumber of boUers in use 

ToCa> mreo oC Arc grate in use. 
TotiO heating .surface in use . 



Heating snrface— grate area 

(B) Steam pressure in boilers 

PresBUre of air in boiler-room 

Ftunace air pumps: 

Revolutiona per minute 

PresBure of air 

Temperatures: 

Gases at bane of funnel 

(A) Feed water 

Feed water on leaving economizer. 
Coal: 

Total used per hour 

Per square foot of grate per hour. . . 

Description 



August 11>1898 

4 hours 

8-elemcnt Belleville botlcr 

with economizer. 

One .^ 

48.6 SQuare Icct 

1,649.5 .square foet (095.2 

blr., fM.Z ecr.). 

31.95 

298.75 lbs 

0.875 in. of water (vacuum 

at base of funnel). 



86 

12.626 lbs. per Hq. in 

366.25° F 

68° F 

246.31°F 



Approximate thickness of fircH 

Interval between firing each funiace 



1,445 lbs 

30 lbs , 

Welsh, from Penllyn, 
Mcrthyr. 

About 5 in 

3 minutes 



Au/?^t 12, 1898. 

4 houn^ 

9-clcment Bellovlll6lK)ilcr 

wf til ■ecoiiQmiiser. 
one. 

5VJ.6 wjunae fcojt, 
1,7<JGJ5 square fc0t (1^11;)j6 

blf., 646.7 ecr.). 
32.35. 
300 ll)s. 
0.875 in. of watiT (vacuum 

at base of funnel). 

81.68. 

12.56 lbs. per aq. in. 

623.75° F. 
68.25° F. 
255.25° F. 

1,6.38 lbs. 

30 lbs. 

Welnli, from Penllyn, 

Merthyr. 
About 6 iti. 
3 minutes. 
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Test trials of two of the fmilers of IL M. S. (iofiathj mmU' hij John Penn ct- Sons, at Dept- 

ford — ContiuutKl. 



Feed water: 






Total used per hour 


14,273 lb.M 


16.779 lbs. 


Per square foot of heating surface per hour 


9.211 lbs 


9.6 lbs. 


Per pound of coal 


9.877 lbs 


10.243 lbs. 


Equivalent evaporation to dry saturated 






steam: 






Per square foot of heating surface per 






hour- 






Based on ( A) and (B) 


9.211 lbs 


9.6 lbs. 


From and at 212° F 


11.271 lbs 


11.618 lbs. 


Per pound of coal: 






Based on (A) and (B) 


9.877 lbs 


10.243 lbs. 


From and at 212° F 


12.089 lbs 


12.627 lbs. 


Evaporative power of the coal used (from 


14.22 lbs. (by Thompson 


14.22 lbs. (by Thompson 


and at 212° F.), and how ascertaine*!. 


calorimeter). 


calorimeter). 


Manner in which steam was disposed of 


Escaped to atmosphere; 


E-scaped to atmosphere; 




funnel blast; air blower 


funnel blast; air blower 




and feed pump. 


and feed pump. 


Efficiency of boiler 


0.851 


0.88. 









GLORY. 

The battleship Ol-m^y, of the Oanopm type, of 12,950 tons, 13,500 
I. H. P., and 18.5 knots speed (estimated), commenced her trials about 
the l«t of February, with a preliminary run of thirty hours at one- 
fifth power; but the consumption was too high, and modifications 
became necessary in the furnaces. The results of the repetition of 
this trial arc not available. 

At the conclusion of her thirty hours' trial at nominally 10,250 
horsepower, on February 8, the contractors decided to make a few 
minjDr alterations* at Portsmouth before starting on her full-power 
trial. At this trial (at four-fifths power) the vessel was on an even 
keel, drawing 26 feet fore and aft, and had 240 pounds of steam in 
boilers. The vacuum was 27.4 inches starboard and 26.4 inches port, 
and the revolutions were 99.4 and 99.2, respectively, with a total 
indicated horsepower of 10,587. The vacuum in smoke boxes was 
0.34 inch. During the trial she made four runs over the deep-sea 
course with a mean speed of 16.78 knots, but on the third run the 
ship had to deviate from her course to avoid a sailing ship, and this 
materially brought down the average, which, it is estimated, would 
otherwise have exceeded 17 knots. The coal consumption worked out 
at 1.7 pounds per horsepower per hour, against 1.68 pounds in the 
Can4:/pxi8. When oflf St. Catherine's, some hours after the close of the 
trial, a slide rod in the main starboard engine broke, but the mishap 
did not prevent the ship going ahead with the damaged engine, although 
she was powerless on .that side for going astern; 18.78 knots was her 
highest mean speed on the measured mile at this trial, but the recorded 
mean speed was 16.78 knots — less than the actual speed — on account of 
the unfortunate occurrence above mentioned. 
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The eight hours' full-power trial took place on the 28d of February. 
It was decided to make this, trial over the new 25-fathoni course 
recently plotted out by the Portsmouth Reserve, and the vessel pro- 
ceeded to Portland on the 2:2d, having previously completed her anchor 
trials at Spithead, and anchored there for the night. 

At 5.30 a. m. on February 22 she got under way with 70 revolu- 
tions, which gave her a speed of 12.5 knots, and the speed was steadily 
increased to full power by the time the measured distance off the 
Cornish coast was reached, at 8 o'clock. Four runs were made over 
the 23-mile course off Start. Point in the teeth of a modei'ate westerly 
gale, and her trial finished on the return run up Channel. Under the 
somewhat adverse circumstances a speed of 18. 124 knots was obtained. 
Throughout the entire trial the engines and l)oilers worked satisfac- 
torily. The results of the trial were as follows: Mean steam in boilers, 
275i)ounds; vacuum, 27 inches starboard, 26 inches port; revolutions, 
108.5 starboard, 106.7 port; I. H. P., 7,021 starboard, 6,724 port; total 
mean I. H. P., 13,745; coal consumption, 1.58 pounds per indicated 
horsepower per hour. After finishing the trial, the usual stopping, 
starting, and reversing trials, etc. , were completed. 

Triennial Spked Trials of Vessels of the Se(X)nd Reserve. 

The following table shows the recent mean speeds on a three hours' 
run of these vessels tried at Portsmouth, as compared with their 
original speeds. All of the vessels given below are ironclads except 
the iWW, which is a second-class cruiser. 



Xftino of Mhip. 



Displace 
ment. 



Iron Dake < fi.OlO 

Glatton ' 4 , 910 

Hercules 8, 680 

Invincible 6, 010 

Irw 3,7:^0 

Nelson 7,630 

Neptune 9, 310 

Snl tan 9 , 290 

SwiftniFc 6, 910 



Built. 



Spood in knotH. 



1«71 ' 

I 

1S72 1 
lS(vS I 
1S70 I 

1877 ' 
1S80 I 

1878 I 

1871 I 

1872 I 



Origiiml. 

13.10 
12. 11 
13.80 
13.18 
18.00 
14-20 
14.20 
14.13 
13.75 



Present. 

9.25 
9.70 
13.60 
11.27 
15.43 
11.30 
11.25 
13. 50 
11.40 



Cruisers. 



IIYACIXTII. 



The first trial of the second-class cruiser Ifi/acrnfh was a thirty 
hours' run at a mean I. H. P. of 2,000. The trial was satisfactory. 
The mean results were: Steam, in boilers 197 pounds, at engines 171) 
pounds; vacuum, starboard 27.25 inches, port 27.81 inches; revolu- 
tions, starboard 99.6, port 101.2; I. H. P., starboard 1,102, port 
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1,083 — total, 2,135; speed, 12.1 knots; coal consumption per I. H. P. 
per hour, 1.73 pounds. 

Her second run wa.s also for thirty hours at four-fifths power, and 
the result was again satisfactory. The mean results were: Steam, in 
boilers 260 pounds, at engines 229 pounds; vacuum, starboard 26.1 
inches, port 26.8 inches; revolutions, starboard 150.4, port 151.7; 
I. H. P., starboard 3,890, port 3,828— total, 7,718; consumption of 
coal per I. H. P. per hour, 1.47 pounds; speed, 17.34 knots. 

The program of speed trials was completed in the early part of 
December with a I'un of eight hours at full power. The engines 
worked smoothly throughout, the engine power developed being 
considerably in excess of the amount stipulated for in the conditions 
of contract. Unfortunately the speed was not so high as might have 
been expected, as the vessel could onl}' steam at 19.4 knots with the 
engines working at 10,536 I. H. P., whereas when designed it was esti- 
mated that she would attain a speed of 20 knots with the engines 
working at 10,000 1. H. P. The mean results for the eight hours' run 
were: Steam, in boilers 251 pounds, at engines 241 pounds; vacuum, 
starboard 25 inches, port 26.9 inches; revolutions, starboard 169.15, 
port 173.5; I. H. P., starboard 5,269, port 5,267— total, 10,536. The 
coal consumption for the trial worked out at 1.58 pounds per I. H. P. 
per hour. Anchor and steering engine trials were then carrried out 
successfully. 

HKniFLYRIt AND MI.\i!llTA.i 

A competitive test has lieen held to determine the comparative 
merits of Scotch and Belleville boilers. The two ships selected were 
the second-class cruisers IHghfyt-i' and Minerva^ both having a dis- 
placement of 5,600 tons and a length of 350 feet. The IligTifl/yei^^s 
engines, with natural draft, develop 10,000 I. H. P., against 9,600 of 
the Mlnenya with forced draft. Highflyer has 18 water-tube boilers 
of the Belleville type, fitted with economizers, while the Minerva has 
8 boilers of the old-fashioned Scotch cylindrical type. The progi'am 
of trials was as follows: 



Number of trials. 


Series. 


Duration 
in hours. 

60 
60 
60 
30 
12 
12 


Spee<l. 


Three 




A 
B 

C 
D 
E 
F 


10 knots. 


Two 


14 knots. 


Two 


17 knots. 


Two 


] Highest speed that 


Two 




- can be main- 


Two 




tained. 









The Highflyer^ after having repairs made to her machinery, had 
another series of trials which terminated June 20, 1900, with a two 

1 For full des(;ription o( these trials, sec Chapter IV, Enginucriiig Notes, Boilers. 
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hours' forced-draft trial. With a pressure of 295 pounds in the }>oilers 
she made 179 revolutions and 19 knots, giving 10,185 I. H. P. 

B08AH10. 

Completed her trials with an eight hours' full-power natural-draft 
trial on January 25. She is the first sloop tested with water-tube 
boilers, and carried out the whole of her trials without a hitch. The 
results of this trial were as follows: Pressure of steam in boilers, 235.4 
pounds; pressure of steam at engines, 185.4 pounds; revolutions, 205.3 
per minute; 1. H. P., high 400.5, intermediate 524.5, low 573, total 
1,498. The contract provided for 1,400 horsepower, so that there 
was a margin of 98 to spare. The speed of the Romn'o was exactly 
that estimated by her designer, viz, 13.6 knots per hour. The con- 
tract speed was 13.25 knots. The machinery of the Romrio was made 
at Devonport. 

CONDOK. 

The new sloop Candor has also satisfactorily completed the whole of 
her steam trials, and except for the little hitch when her piston rod 
became overheated, and she had to be towed back into harbor, she has 
gone through the ordeal most successfully, and in one or two respects 
with even better results than her dockyard-engined sister, the JioH(t7^io, 
The eight hours' trial of the Condor gave an average I. II. P. of 
1,462.5, being 62.5 H. P. more than was required by the contract. 
This was 35.5 H. P. less than the mean of the RfmfnWs machinery; 
but the mean steam pressure in the boilers of the Condor was 231.7 
pounds, compared with 235.4 pounds in the Bomtrlo, The engines of 
the Condor worked 197.1 revolutions per minute, while the Iiomr?Vs 
average was 205.3. The difference in speed was infinitesimal, the 
Co7idor averaging 13.68 knots per hour, and the Eomrlo 13.6 knots. 
The Condon* had an advantage over her sister sloop in the matter of 
coal consumption, her average being only 1.55 pounds per I. H. P. per 
hour. The Condm* is to be finished by the end of the financial vear, 
but, as in the case of the Ronario^ overtime will have to be extensively 
resorted to in order to insure this. 

Gunboats. 

The SeagvU,, torpedo gunboat, which is the only ship in the English 
navv fitted with the Niclausse water-tube boiler, has concluded a series 
of nine trials, each of approximately 1,000 miles. Four of the runs 
fell short of the required distance, owing to th(^ bad weather. At the 
four early trials the I. H. P. ranged from 1,354 to 1,371, and the speed 
varied from 13 to 13.6 knots. The next trial gave a speed of 14.48 
knots, with 1,611 I. H. P., but on the following trial, with an addi- 
tional 20 1. H. P. the speed went up to 14.6. The next trial was carric^d 
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out in very bad weather, and had to be abandoned when only 855 
miles had been run; but with 1,798 I. H. P. the average speed was 15.2 
knots. The next run wan in such fine weather that the ship was able 
to complete the thousjind miles, and then, with 2 additional I. H. P., 
her speed improved by 2 points. At the final trial, with 1,947 
I. H. P., the speed was 16.07 knots. Throughout the trials only four 
of the six boilers were in use, and, as the engines are capable of 3,000 
I. H. P., the actual power at the time of the last trial was, for the 
number of boilers in use, nineteen-twentieths of the maximum. The 
maximum coal consumption for the entire series of trials works out 
at 1.9 pounds per horsepower per hour for the main engines, and 2 
pounds for all purposes. The Niclausse type of boiler has been shown 
to possess certain advantages, the chief of which is that any tube can 
be quickly removed and another substituted, while all the tubes, which 
are 3.25 inches in diameter, are straight. When the trials were begun, 
the lanterne, or end of the tube, w^as screwed on, but now the tube 
and lanterne form one solid drawn piece, which materially facilitates 
the su})stitution of tubes. 

SKIPJACK. 

The torpedo gunboat 8Mpjack\ which has had upward of £30,000 
expended on her in fitting new engines and water- tube boilers, has 
been sii])jectcd to satisfactory trials in the English Channel. Her new 
engines are designed to indicate 6,000 horsepower. She av^eniged 20.5 
knots at her speed trial. 

KPKEDWKLL. 

The SpecihnelU torpedo gunboat, which was re-boilered at Jarrow, 
had a thirty hours' coal-consumption trial in December which resulti^d 
satisfactorily. She ran twenty hours consecutively, but owing to a 
dense foij the trial had to be delaved two hours. The results of the 
trial were: Steam, in ])oilers 201.9 pounds, at engines 199.6 pounds; 
vacuum, star})oard 27.9 inches, port 26.6 inches; revolutions, star- 
board 217.1, port 215.8; I. IT. P., starboard 661, port 627, total 1,288; 
coal consumption per I. H. P. j^er hour, 1.59 pounds; air pressure, 
0.36 inch; speed, 13.8 knots. 

BRAHBLE. 

The new first-class gunboat Brawible completed her trials satisfac- 
torily. The mean results of the thirty hours' trial, held November 
13-14, 1S99, were: Steam, in boilers 199 pounds, at engines 191 pounds; 
vai'uum, starboard 26 inches, port 26 inches; revolutions, starboard 
235.8, jjort 236.9: I. II. P., stjirboard 336, port 325, total 6r>l; coal 
consumption per I. II. P. per hour, 2.32 pounds; air pressure, 0.26 
inch; speed, 10.cS5 knots. 

Th(^ moan results of her contrai^tors' eight-hours' natural-draft trial 
on Nov(^mber 17 were: Steam, in boilers 227 pounds, at engines 202 



41 

pounds: vacuum, starboard 22. S inehos, port 25.7 inchos; rovolutioiiH, 
starlMiard 26«.2, port 2G8.1; 1. 11. P., starboard 4U5, ix)rt 445, toUil 
940; air pressure, 0.45 inch; speed, 11.11 knots. 

The results of her final eight hours' trial, held on Novc^niher 18, 
were: Steam, in boilers 211 pounds, at engines 190 pounds; va<nium, 
starboard 25 inches, port 25.4 inches; revolutions, starlK)ard 300.0, 
port 005; I. H. P., starboard 674, iport (>8(), totsd 1,360; air pressure, 
1.15 inches; sj^eed, 18.38 knots. 

BKITOIART. 

Bramhie and Britomart are gunboats of 710 tons, intended for river 
service. The latter, in her first thirty houi*s' trial off Plymouth, 
maintained a speed of 11.2 knots with an I. H. P. of 667. The mean 
results were: Air pressure, 0.24 inch; steam in ]x)ilers, 220 pounds; 
steam at engines, starboard 207 pounds, port 208 pounds; vacuum, 
starboard 26 inches, port 25.4 inches; revolutions, starboard 241.8, 
port 238.1; 1. H. P., starl^oard 344, port 328, total 667. 

On the eight hours' steam trial, January 22, IIKK), at 900 I. H. P. 
(four-fifths power), the mean results were: Steam, in boilers 208 
pounds, at engines, starboard 188, port 196 pounds; revolutions, star- 
board 274.8, port 276.4; vacuum, starboard 26.8 inches, port 25 
inches; I. H. P., starboard 476, port 481, total 957; air pressure, 0.5 
inch; coal consumption per I. II. P. per hour, 2.52 pounds; speed, 13 
knots. 

She had a four hours' forced-draft trial on January 25, with the fol- 
lowmg results: Steam, in })oilers 224 pounds, at engines 198 pounds; 
air pressure, 1.2 inches; vacuum, stiirboard 25.1, inches port 24.6 
inches;, revolutions, starboard 809.6, port 818.8; T. H. P., star])oard 
661, port 708, total l,3ri9; 'speed, 14.6 knots. Contract required 1,300 
I. H. P., 13.5 -knots. 

T0RPK1X)-B()AT Df.stroyeus. 

ALBATBOKS. 

The ofiScial results show that the three hours' (»oal-consumj)tion trials 
of the AUmtrosH^ which took place on March 26, liHX), were of a satis- 
factory character. A speed of 31.5 knots had to be obtjiined, and this 
was slightly exceeded. The engines registered 7,784 I. H. P., with 
379.9 revolutions per minute, and a steam pressure in tlie lioilers of 
240 pounds per square inch. 

KLECrrBA. 

The Khx'tra successfully passed her official trials at Portsmoutli in 
January. 

KESTBKL. 

Results of a ten hours' coal-consumption trial of the Kvxirel Octo- 
ber 27, not heretofore noted, worked out as follows: Speinl, 13 knots, 
with 475 I. II. P.; coal consumption, 2.24 ixmnds. 
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OTTEK. 

The Otter completed her trials in OetolH;r, at Devonport, with satis- 
factory results. 

OKPRKY. 

OHjrnnj made 28.2 knots off Plymouth in a heavy sea, all weights on 
board. "This is a very fine performance," says the Englmei\ "and 
rather takes awav from the French creed that our destrovers can not 
exceed 25 knoti^ or less in a seaway." The OHjrrey is a »^0-ton, 30- 
knot, Fairfield boat. 

PETBEL. 

The tenth 30-knot toi-pedo-boat destroyer l)uilt and engined by 
Palmers underwent her three hours' coal-consumption trial from Ports- 
mouth dockyard March 80, 1900. An average of six runs over the 
measured mile gave a speed of 80.822 knots, with 884.6 revolutions 
and 240 pounds steam pressure, thc^ I. H. P. being 6,G82 and vacuum 
27 inches. For the three hours th(^ speed aimed at was 80.1 knots, 
the intention being only to exceed the 80 knots guaranteed. The 
results were: Speed, 80.0U7 knots, 880.0 revohitions, 289 pounds of 
steam, 6,488 I. II. P., and 27 inches of vacuum. The trial was run 
on a heavier displacement than any of PahiK^rs' previous 80-knot 
boats, and this enhances inatcMMaMy the Aidue of the perform ince. 
The highest speed reported was 82.59 knots with 878.9 revolutions. 
Coal consumption, 2.8 pounds per I. II. P. per hour. 

SPITEKIL. 

The first trial was stipulated to be at a speed of about 29.75 to 30 
knots for three hours, to test the coal consumption, which wa.** not to 
exceed 2.5 pounds. It was found that at 29.9 knots the consunfption 
was at the low rate of 2.8 pounds. 

On the second trial the vessel was to be driven at not less than 30 
knots during three consecutive hours, but at the same time it was 
desired to keep the speed as little in excess of 80 knots as possible. 
On six runs over the mile the speed was easily maintained at 30.371 
knots, and the engines were then adjusted so that the average of the 
three hours came out 30.06 knots. 

On the final,, or twelve hours' trial, the vessel was to be run at a 
speed of 13 knots and the consumption measured. The average speed 
was 13.05 knots, the power 450 I. H. P., and the consumption is offi- 
cially given as being at the rate of 1.5 pounds per I. 11. P. per hour, 
so that the coal (about IK) tons) she is capa])le of stowing would at 
this rate enable the vessel to steam aK)out 4,000 nautical mile^. She 
is generally similar to the other 30-knot })oats built by Palmers, and 
has two sets of triple-expansion engines and four of Read's water- 
tube l)oilers, w'orking at 250 pounds and 6,800 1. II. P. 
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VIPEB. 

The torpedo-boat destroyer built to the order of the AdmiraUy by 
the Parsons Marine Steam Turbine Company, Limited, Wallsend-on- 
Tyne, made a preliminary trial in November in a rough sea, attaining 
S2 knots with three-quaii:ers of her power, 10,000 I. H. P. 

In her second preliminaiy trial, on January ^^ 11)00, a mean speed of 
34.8 knots was obtained in four conseeutive runs on the measured 
mile, the fastest run being at the rate of 35.5 knots. The speed 
attained was considerably in excess of that required by the contract, 
namely, 31 knots. 

The Viper is 210 feet long, 21 feet beam, 12.5 feet deep, and of 325 
tons displacement. Yet in her engine room, 28 feet by 21 feet, there 
are placed six turbines, four of which are capable of exerting 12,000 
I. H. P., the other two being used only for going astern. At the 
time of attaining the highest speed on record the V!j)er\H motors 
were using steam equivalent to 11,000 I. H. P. The motors are 
an^anged to drive four shafts, each carrying two swew propellers, or 
eight in all, running at about 1,8(X) revolutions per minute, and the tur- 
bine engines are so arranged that the vessel may go backward at a 
rate of 15 knots with four screws working. Notwithstiinding the 
enormous power, there is ample space in the engine room. When 
doing her highest speed the vessel was as free from vibration as a sail- 
ing ship, and a gmmer could have laid a gun with just as great ease 
as if he had been on a first-class battleship. It is understood that as 
a result of the showing made on this trial Mr. Parsons, the designer, 
has decided to decrease the diameter of the screws and vary the pitch. 
He believes that by so doing it will be possi})le to secure additional 
speed. 

The oflBcial trial of the Vq^er was made on the North Sea, off the 
mouth of the Tyne, on the 4th of Maj\ The displacement on trial 
was 370 tons, with all coal on board. The contract load was 40 tons, 
but, as a matter of fact, the vessel had on board GO tons. The vessel 
turned north and ran as far as the measured mile with the wind and 
sea quarterly. Full steam had not been reached when she entered on 
the mile, and even on the second run the speed did not quite reach 30 
knots. Ten runs were made in all, and taking the best six consecutive 
inns — with and against tide — a speed of 34.28 knots was reached. 
The best two runs gave a mean speed 'of 34.75 knots, while the mean 
speed on a three-hours' run was 33.96 knots. 

The mean revolutions were 1,050 per minute, and the mean steam 
pressure was 165 pounds to'the square inch, the maximum being 175 
pounds. In regard to this point it should be stated that a great deal 
of steam was lost at the relief valves, which had not been sufficiently 
screwed down before starting and began to blow heavily soon after 
going on the mile. 1'he total heating surface in the four Yarrow 
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hoi lors is 15,000 .square feet, and the grate surface is 275.75 square 
feet. The air pre^isure for draft avcu'aged 3 inches on the* water 
gauge. The I. H. P. estimated by the steam pressure and revolutions 
is taken at 11,000. The trial was carried out under Admiralty condi- 
tions strictly. 

ZEBRA. 

The Zehra on November 9, 1899, attained a speed of 27 knots with 
4,500 I. H. P. 

Submarine Boats. 
(See under trials of submarine }>oats in Finance, page 49). 

FRANCE. 

Battleships, 
c'harlkiiaonk, (uruhs, st. louis. 

These new battleships of 11,275 tons displacement, 14,500 estimated 
horsepower, and 18 knots speed, all having Belleville boilers, have 
been undergoing their trials during the last few months, a few details 
of which are available. 

The trials consist of the following: At 9,000, at 5,000, and at 11,00() 
I. H. P., with natural draft; at about 15,000 1. H. P., maximum power; 
a trial of twenty-four hours at 9,000 I. H. P. ; a trial with mixed fuel, 
coal and petroleum; and trials of guns, torpedoes, and anchors. 

The boilers of the Charlemxujne and Gauhm^ which steamed for 
four days at a continuous speed of 15 knots, were, according to the 
Echo de Pari^^ in such a condition at the end of that time that engi- 
neers were a fortnight in effecting repairs. 

The following are comparative details of the trials of the Chxirle- 
rriagne and G<mhiJ^^ twenty-four hours' run at two-thirds speed: 

GavJoiji. — I. H. P., 9,200; corresponding speed, 16.5 knots; coal con- 
sumption, 1.58 pounds per L H. P. per hour. 

Charh'inagnt', — I. H. P., 9,270; corresponding speed, 10.41 knots; 
coal consumption, 1.55 pounds per I. H. P. per hour. 

The results of the three hours' run at full speed under forced draft 
were as follows: 

Gavlois, — I. H. P., 14,925; corresponding speed, 18.02 knots; coal 
consumption, 1.78 pounds per I. H. P. per hour. 

Chiirler/iagne. — I. H. P., 15,295; corresponding speed, 18.136 knots; 
coal consumption, 1.92 pounds per I. H. P. per hour. 

The preliminary trials of the St. Loula^ made in March, 1900, are 
said to have been satisfactory, the run off Bre.ft with 14,000 I. H. P. 
having resulted in a speed of 17.61 knots. She is expected on her 
final trials to re4ich the speed of 18 knots. 
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Cruisers. 

(ailCHEN. 

After extensive alterations had been made in the propellerj;! of the 
Guicfwn she made full-speed trials on the measured mile oflf the Hyeres 
Islands on the 9th of Nov^ember last, full details of which are as follow: 

Dantion of trial 3 hours. 

Mean preasure on the boilers 187.26 pounds. 

Air pressure in stoke hole 0.988 inch. 

Temperatore in engine rooms 95° to 126.5°. 

rStarhoard i;«.2 



Revolutionfi per minute of engines 



Mean, 136.38. 



Center 13(5.8 

Port 137.15J 

Meanl.H.P 25,455. 

Nnmber of mni? over mile 2. 

Mean speed of the two runs 23,544 knots. 

Consumption of coal per H. P. per hour -. 1.75 pounds. 

Consumption of coal per square foot of grate and per hour. . . 26.586 pounds. 

Mean vacuum, in mercurial centimeters 65.5. 

During the whole trial the working of the machinery was perfect, 
the stoking easy, and the engines worked silently and with remarka- 
ble regularity. There was no perceptible vibration out of the ordinary 
in the ship, and she steered easily. The conditions required by the 
contract were: A three hours' trial at 25,000 I. H. P., and 28 knots 
speed, with a consumption of coal per square foot and per hour not 
exceeding 32.78 pounds. 

The ship was constructed by the Soci^t^ de la Loire at St. Nazaire, 
on the plans of M. Bussy, and engines at the works of the same com- 
pany at St. Denis, on the plans of M. Boulogne. The result obtained 

M==3.68 in the formula Y=Mll^i ) shows that the lines of the hull 

are peculiarly well adapted to insure a high rate of speed, and this is 
confinned by the fact that there was little or no appreciable bow or 
stem wave. If, besides, it be considered that on the measured dis- 
tance used for the trial the water has but a mean depth of 124.6 feet, 
it may be assumed that in deep water the speed obtained would have 
been somewhat increased. 

On February 10, 1900, the G-uicheti made a trial at full power with 
but two screws working, the central screw not running, a case which 
might present itself in case of accident, for example. This trial was 
made for the information of the navy. The Guwhen has been given 
H third mast, placed between the two forward and the two after fun- 
nels, on which there is installed a Temperley transporter for coaling 
at sea. 

CHATEAURENAULT. 

March 17, 1900, the Chdteaurenavlt^ which closely resembles the 
Ouichen (dillering chiefly in the manner in which the motive appa- 
ratus is placed, the central engine being abaft the two outer engines, 
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instead of between them, as upon the Gulcheti^ and the boilers — of 
the Noniiand-Sigttiidy type instead of d'Allest, as upon the Guichen — 
being all forward of the engines), made a second preliminary run, dur- 
ing which it held speed trials with natural draft. The ship was enabled 
to reach the speed of 22.7 knots w^ith somewhat over 19,000 I. H. P., 
and during the whole run the working of the boilers (which have never 
heretofore been employed on vessels of greater power than the torpedo 
destroyers Dunok and Lahire)^ as well as that of the rest of the 
maohinery, has left nothing to be desired. 

A local Toulon paper reports that the Chute(mre7iault has completed 
her preliminary builders' trial, and that with a development of 21,800 
L H. P. sUe made a speed of 23.2 knots. As this vessel, like the 
Guicheii^ was designed for a horsepower of 23,000, it is believed that 
she will reach a speed of 24 knots an hour. 

The lines of the Chateaurenavlt are somewhat finer than those of 
the Guichen^ and the disposition of the screws is markedly different. 
In the Guichen the three j^'rews are very nearly in the same plane, 
while in the Chateaurenaxdt the side screws are about 29.52 feet for- 
ward of the center screw. 

DV OHAYLA. 

The second-class cniiser J)u Chayla has lately completed a twenty - 
four hours' trial at full speed, during which she averaged 18.5 knots. 
She is supposed to l)e a 20-knot ship, and doubtless might reach that 
speed on a spnrt under favorable conditions of weather. 

Gunboats and Torpedo Boats. 

The gun]x)at ZeUe recently complet<}d at Lorient her official aceept- 
anco trials; the boilers, of Niclausso type, giving the following results: 



Date of trial. o"™ial" ' ^^^^'^ ^^*<^- 



June 16, 1900 
June 19, 1900 
June 22, 1900 



Uour». 
C 

6 

24 



I.H.P. 



One-third... SiT) 
Full power . 953 

500I.H.P... 575 



Coal per 

horsepower 

hour. 



Pounds. 
1.265 

1.590 

1.603 



These very remarkable results in coal consumption were obtained 
with boilers of torpedo-boat type, having tubes of 1.575 inches, the 
same as were used in the Teraeraire, 

The rapidity with which the trials were made shows that the boilers 
and engines worked very satisfactorily. 

ABtiUS AND VIOILANTE. 

The tmls of the shallow-draught gunboats Argus and Vigilante^ 
built by Messrs. John I. Thornycroft & Co., of Chiswick, to the oixier 
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of the French Government, have been successfully completed. The 
Vigilante made her first run down the Thames April 9, and on an offi- 
cial trial of two hours' duration, with full load on board, attained a 
mean speed of lS.25 knots. The Arcfi^s satisfactorily completed her 
official trial on April 6, when she attained a mean speed of 13.4 knots 
on a two hours' run. 

These vessels are practically sisters of the English gunboats Wood- 
cock and Woodlarh^ built by the same firm, and are destined fox* simi- 
lar locations — aei^vice on Chinese rivers. They are similarly armed 
and have the same hard steel plate protection to their vitals; this pro- 
tective plating is less than an eighth of an inch thick. The French 
gunboats have about three-quarters of a knot more speed, owing to 
improvements in the machinery. They are to be accompanied by four 
large store barges, and all six of these craft are built in sections. 
They are of 300 tons displacement. 

LAHIBE. 

The new destroyer, Lahire^ of 890 tons displacement, having had her 
screws changed, resimied her trials at Cherbourg, ])ut even now has 
fallen short of the contract speed by nearly a knot; with 4,200 I. H. P. 
she attained a speed of 20.4 knots, and with 7,100 I. H. P. a speed of 
22.1 knots; the contract speed was to be 23 knots with 7,000 I. H. P. 

FJHAH^E. 

Contract speed, 26 knots. On a run between Lorient and Belle-Ue 
she maintained a mean speed of 24 knots with natural dmft; with 
forced draft a speed of 27.5 knots was reached on the measured base. 
After a change in her screws she made further runs in March, with 
very successful results, giving a speed varying from 26 to 28 knots 
during two hours, with favorable weather. The mean speed was 26.91 
%iots. The vessel is to be attached to the Mediterranean squadron. 

FISST-CLASS TOBPEDO BOATS NOS. 829, 212, 213, 236, 237, 238. 

The terpedo boat No. 229, of 90.1 tons displacement, made 25.5 
knots mean speed on her trials. 

Two boats, Nos. 212 and 213, delivered in December, 1899, the results 
of trials are as follows: 



Displacement on trial, in English tons 

I. H. P. at 14 knots 

Consumption of coal per hour (mean of eight hours) pounds 

Full speed (mean of two hours' run) knots 

I. H. P 

Consumption of coal per hour pounds 

Consumption of coal per I. H. P. at'14 knots do. . 

Consumption of coal per I. H. P. at full speed do. . 



No. 212. 

8C.1 
302 
305 
26.81 
1,955 
3,000 
1.016 
1.536 



No. 213. 



86.1 

302 

292 

26.87 

1,900 

8,040 

.967 

1.600 
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The two hours' trials were preceded by three runs and followed by 
three other runs on the measured mile, no alteration being allowed in 
the valves, introduction, etc., during the whole trial. The boats were 
fully equipped for sea, including 20.5 English tons for torpedoes, 
launching tubes, and compression pumps, artillery and ammunition, 
reserve water, coal, men and equipment, water, and stores. The coai 
carried was not to l)e less than 10.3 tons, which, according to the con- 
sumption trials, corresponds to 1,060 nautical miles at 14 knots for 
No. 212 and to 1,110 for No. 213. 

Torpedo boats 236, 237 and 238 in their trials at Lorient e^^jeeded 
the speed of 25 knots required. ' 

The six torpedo vedette boats D, E, F, G, H, and I, recently delivered 
at the port of Toulon, also exceeded the speed of 18 knots expected of 
them. 

Submarine Boats. 

The M(yrse held an official trial on March 9, on which occasion it 
attained the speed of 12.32 knots. 

Trials of the submarine, or rather submersible Nanxil^ were car- 
ried out at Cherbourg in December. Some difficulties developed which 
it is hoped will be overcome, and which explain the delay in the 
construction of the Sirene and Triton^ of the same type. The diffi- 
culties are reported not to be due, as has been said, to the length 
of time taken in changing from one form of motive power to another 
jnst before making a dive, for this is a very simple operation; they 
lie rather in the dive itself. The spindle-shaped outer hull, resembling 
that of an ordinary torpedo, which sustains the pressure of the water 
at great depths, is light, and it will doul)tless be necessary to secure a 
more complete subdivision of this space in order to regulate methodi- 
cally the introduction of water to insure stability. 

A commission was appointed by the French Prefect of Marine in 
the autumn of 1899 for the purpose of carrjang out experiments with 
the submarine navigation of the new tj'pe of boat constructed by 
Goubet, the Gouhet No. 11. This boat is almost spherical in shape, is 
about 3 meters in depth, 3 meters beam, and 4 meters in length. It is 
propelled by a screw with a diameter of 80 centimeters, and two tins 
or rudders are placed port and starboard for manceuvring the boat 
when it is submerged. 

A series of trials, preliminary and official, were carried on by this 
boat during December, during the course of which she remained sub- 
merged at the depth of 5 meters for a period of five hours. Then she 
crossed the roadstead at Toulon, making two dives, each for a distance 
of from 50 to 60 meters, in the middle of the passage. When the 
Oovhet disappeared, a steam launch accompanying it manoeuvred 
to find it for twenty minutes, but was unsuccessful, although the 
optical tube of the submarine was above water all the time and thq 
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persons submerged in the boat could see the persons on the launch all 
the time. The return to the moorings of the Gonbet was effcct<!fd in a 
straight line and at a speed of 6 knots, as estimated from the number of 
revolutions made by the screw of the accompanying steam launch. . 
This is a knot in excess of the required speed of the submarine boat. 

Another preliminary run is remarkable because of the bad easterly 
weather prevailing in the roadstead, which also the same day, Decem- 
ber 18, prevented the torpedo boats from getting under way. While 
moving at the surface the dome was constantly covered by the waves, 
but the stability of the boat was perfect. The flagstaff was not seen 
to oscillate. After passing the wharves, the boat was seen to dive for 
a length of 200 meters, and then to go direct toTamaris without hoing 
troubled by the swell and waves which it received on the broadside tit 
the opening of the broad channel. 

Ten days later, making use of the long mole as a measured I)a8e 
(length 1,212 metei*s), and still having bad weather, speed trials were 
run, the motors alternating from mean to maximum speed. The mean 
of the runs was eight minutes, corresponding to the expected speed of 
5 knote. This speed was obtained with the boat displacing iO tons and 
having at its disposal less than 5 horsepower of electro-motive power. 
Upon the return of the boat, it effected a plunge for about 80 meters' 
distance near the warships, made a turn astern of them but a few 
meters distant, then suddenly disappeared and remained invisible 
several minutes at a depth of 7 meters before resuming its course 
toward the arsenal. 

In England^ although certain engineering papers and some naval 
authorities take a decided view of the uselessness of the French sub- 
marine boats, and openly express the opinion that in actual war they 
will be found altogether unserviceable, the Admiralty are giving some 
attention to the question of submarine boats. 

GERMANY. 

According to a new determination on the part of the German navy 
department, the works intrusted with the building of a ship are to 
have charge of her trials up to the time when she goes into commission. 
Formerly the Government works at Kiel and the trial commission 
which had its sittings at Kiel had charge of all trials. 

Seven new warships will be able to make their trials during the 
year 1900, the battleships Kaiser Wllhehn II and KaUer Wil/ubn der 
Orosse^ the large cruiser Fiirst Bisfnmrck^ the small cruisers Niohe and 
Nymphe^ and the gunboats Tiger and Lv^clis^ not to mention quite a 
number of large torpedo boats which are^ built as torpedo-boat destroy- 
ers. As the work on the interior of all these ships is being industri- 
ously advanced, all seven ships will probably be assigned to active 
service in the fleet durinj^- th(^ vear. 
2597— No. XIX— 4 
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Battleships. 

During the early part of March the Kal^rr Wllhclni II had a satis- 
factory twenty-four hours' aca^ptance trial. As the engines were not 
run up to their maximum power, the speed was not measured. With 
forced draft another trial was ujade, when a speed of 18 knots an hour 
was obtained. 

Cruiseks. 

The large cruiser Vtneta successfully made her coal-consumption 
trials in November, and with forced draft attained a speed of 19 knots. 
Both hull and engines met all recjuirements and stood the tests excel- 
lently. During the trial 11,000 I. II. P. were developed, and a speed 
of 20 knot« per hour was attiiined during a five-days' speed trial on 
the open sea. 

The large cruiser F'drst Biio/tarck has been running trial trips dur- 
ing the spring, the results of which have been satisfactory. During 
one of these, held April 20, it is reported that with 60 revolutions the 
engines developed 2,600 I. II. P., and when the revolutions had been 
gradually worked up to JSO the I. II. P. reached 5,000. Engines and 
boilers worked without anv difficultv. 

On April 29, the F'uri<t /iij</nrrrck made her second twenty-four hours" 
trial. For eight hours, with 84 revolutions, she developed 6,000 
I. H. P.; at night 5,000 I. II. P. was obtained with 80 revolution-^, 
and the following morning the maxinmm I. H. P., 9,100, was reached 
with 98 revolutions. Boilers and engines worked well, and valves 
functioned satisfactorilv. 

On the morning of the 8th of May the l)oilers were cleaned and a four- 
hours' run made, followed in the course of the forenoon ])v a run over 
the mile to standardize the screws, with the following results: 

Revolutions— Port, 101.6; I. II. P., 3,438. Center, 103.8; I. H. P., 
3,530. Starboard, 100.0; I. H. P., 3,408. Thus giving a total I. H. P. 
of 10,376, the mean revolutions being 101.8, or 5.76 per minute per 
mile. The mean speed was 17.85 knots. 

In the afternoon, the boilers having again been cleaned, two runs 
over the mile were made Avith maximum power, giving the following 
results: 

Revolutions— Port, 107.25; I. H. P., 3,973. Center, 108.50; I. H. P.. 
4,261. Starboard, 105.70; I. H. P., 4,060. Total I. H. P., 12,294: 
mean revolutions, 107.15, or 5.8 per minute per mile. The mean 
speed obtained was 18.45 knots. 

In all the ship i^an about two hours under forced draft. The maxi- 
mum power obtained was 13,021 I. H. P., with 109 revolutions per 
minute. 

Satisfactory trial trips were also made with the battleship Witrtem- 
he7*g^ fitted with water-tube boilers on the Schulz system, in January, 
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and a six-hours' trial with forced draft with the gunboat Tlger^ on 
April 18. 

Torpedo Boats. 

Acceptance trials of torpedo boat S-90, held in November, 1899, 
gave the following results: Fourteen hours at 12 knots, coal consump- 
tion 857.59 pounds per hour (881.84 pounds being the contract limit); 
twelve hours at 14 knots, 1,285.28 pounds coal per hour (1,322.76 
pounds the contract limit); three hours at forced speed, boat fully 
equipped and carrying about 65 tons of coal; average revolutions, 354 
per minute; speed, 26.4 knots (terras of contract requiring 26 knots). 
Engine and steering trials also satisfactory. 

RUSSIA. 
Battleships. 

PEBESYIET. 

The trial of the engines of the first-class battleship Perei^\>fet gave as 
the result of eight series of diagrams the following: Highest pressure 
cylinder, 1,405.15 H. P.; medium, 1,527.87 H. P.; lowest, 1,633.69 
H. P.; total, 4,566.21 H. P., or for the three engines, with an average 
pressure of steam to the square inch of 169.5 pounds, a result of 14,532 
H. P., or some 32 more than the contract. 

She and her sister ships, the Odiahia and Pohledn^ are considered in 
Russia a happy combination of battleship and cruiser, having the pro- 
tection of vital parts and armament, the numerous guns and solidity 
of the one, with the speed, range of action, and seaworthiness of the 
other. She has three distinct engines, each with a separate sc^rew, her 
6-inch guns are each in a casemate with 2 to 5 inches of armor, and 
electricity is used to a hitherto unknown extent, and her six dvnamos 
give 6,000 ampfires at 100 volts. Her engines are well protected by 
an armored deck, and have very small hatches. 

SEVASTOPOL. 

An official trial of the engines of the first-class battleship Scxxutopid^ 
10,200 tons, in the presence of a commission presided over by Ilear- 
Admiral Amosov, at full power and lasting six hours, was carried out 
on the measured mile at Kronstadt. The results were verv satisfac- 
tory. The estimate was that both engines on an average should develop 
10,600 I. H. P., at 95 revolutions of each screw and 150 pounds pres- 
sure of steam. The expenditure of coal was 2 pounds per hour per 
I. H. P. 

Miscellaneous. 

VAIIYAK. 

The protected cruiser Vnryal^ 6,500 tons, 20,000 I. H. P., 23 knots 
speed, built by Cramps, made. May 30, 1900, a trial run of twenty-four 
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hours under natural draft, and made 21 knots with 150 revolutions, 
reaching 22 knots at times. 

The Niclausse boilers worked satisfactorily. Her official trials are 
to take place in July. 

GILIAK. 

The gunboat Gil'mh^ 960 tons, at its last trial, in December, devel- 
oped 1,180 1. H. P. (in place of the estimated 1,000), 215 revolutions, 
and a speed of 12.5 knots (in place of 12 knots contracted for). 

BAIKAL. 

The new ice breaker Bail'ol on the Baikal Sea, in January, developed 
a speed of 8 miles an hour through ice of a thickness of 14.17 inches 
(36 centimeters). • The mean speed amounted to 5.3 miles an hour, the 
ice was easily broken, the engines worked smoothly, the screws func- 
tioned well in spite of the ice, and the ship's hull received no injury. 

SOH. 

The destroyer Sonu built and engined by Messrs. Laird Brothers, 
Birkenhead, completed in March a series of very satisfactory trials on 
the Clyde. The contract speed with the bunkers full and all outfit 
and stores on board was 27 knots, and the result on her official full- 
speed trial (Februar}'^ 24) gave a speed of nearly 28 knots as a mean of 
six runs on the measured mile, being nearly a knot in excess of the 
contract speed. The results on each of the six runs were as follows: 





_ — _ — 


Mile«. 


steam. 


Time. 


Speed. 


1 




225 
223 
223 

219 
215 
210 


h. m. 
2 11.2 
2 10.4 
2 7.0 
2 8.8 
2 9.8 
2 12.0 


Knots. 
27.44 


2 






27.61 


3 






28.35 


4 






27.95 


6 






27.73 


6 






27.27 











The speed for the three hours' continuous steaming was 27.2 knots. 
The conditions under which this trial was run woie unfavoi'able, owing 
to a heavy sea and strong southwest breeze. On February 28 and March 
2, a series of progressive trials at varying speed^s were carried out, as 
well as steering, stopping, starting, and coal consumption trials, all of 
which were successfully completed. 



>0. 114. 



The trials of torpedo boat No. 114, built on the A/mkriu type, gave 
a mean speed of 10 knots, with an expenditure of naphtha of 15 cwt., 
or about 2.3 pounds per 1. II. P. per hour. There was complete com- 
bustion, almost unaccompanied by smoke. It is hoped by Engineer- 
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Merhanu* Shehensnovioh that he* will obtain equally ^ood rcv^uits with 
water-tube boileiis and artiticial pulv(*rization on board toi-pedo boat 
No. 129, built at the Ijoni Works, on the t}T)e of the Pemm\ 

HOLLAND. 
Torpedo Boats. 

HTDBA AND KCYLLA. 

The official trial of the Hydra took place on May 25, 1900^ under 
the direction of Mr. Loder, Chief Constructor of the Royal Dutch 
Navy; Mr. Koning, Engineer-in-Chief, and Captain de Booy, who will 
command the vessel. 

A mean speed of 24.37 knots was made for the three hours, with 
160 pounds of steam, and a trifle over 400 revolutions per minute, the 
load carried being 17i tons. 

The official trial of the ScyUa took place on June 20, with practically 
the same results. 

JAPAN. 

BATTLESHn»S. 
ASAHI. 

The trials of the Asahi began on March 20 on the measured mile in 
Stoker Bay, with the following results: 613 I. H. P., 6.(19 knots; 1,610 
I. H. P., 9.28 knots,* and 4,355 I. H. P., 13.06 knots. The next day 
she completed her high-speed consumption trial, the result showing 
that at 12,947 I. H. P. the consumption was only 1.59 pounds per 
horsepower per hour. There was a high wind and a heavy sea, l)ut 
the records taken gave an approximate speed of 17.5 knots. The ship 
then put in at Plymouth to clean boilers, and on March 23 started on 
her full-power trial between Start Point and Barry Head, a distance 
of 12.26 nautical miles. Four runs were made, the first and thiid 
being in the teeth of a northeasterly gale, but with this disadvantage 
the mean speed was 18.3 knots. The speeds on the four runs were: 
Fii-st run, 17.92 knots; second run, 18.08 knots; third run, 18.65 
knots; fourth run, 18.3 knots. The mean I. H. P. for the entire 
series of runs was slightly over 16,000. After the full-speed trial 
circles were made to port and starboard with each steam-steering 
engine with the vessel still at full speed, and at a speed of 15 knots 
the hand-steering gear was successfully tried. On the return to Spit- 
head, at 17 knots, the stopping, starting, and reversing trials were 
carried on. 

FUSO. 

The battleship Fum^ after being thoroughly overhauled at the Kure 
dock^'ard, had her trials on April 8, with the following results: 

State of wind and sea Very calm and smooth. 

Amount of coal carried 350 tons. 
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Draught forward 17 feet (> inch(«. 

Draught aft 18 ftvt .S inchen. 

Conditions of trial Four runs over a course of 3.936 measured 

miles. 

Steam pressure 51 jxiunds jkt square inch. 

Revolutions 80. 

Vacuum 26.77 inches. 

Si>eed in knots 11.6. 

Coal consumption jx^r I. II. P 2.79 pounds. 

MeanI.H.P 2,162. 

Cruisers, Dispatch Vessels, eto 

MIYAKO. 

A trial of the Miyako^ dispatch vessel of 1,800 tons, built at Kure 
dockyard, has resultc^d as follows: Steajn pressure, 112.5 pounds; 
vacuum, starboard SJ6.2 inches, port iM>.3 int^hes; revolutions, star- 
board 143.6, poi-t 144.1; I. H. P., 3,227.2; speed, 18.02 knots. Con- 
ditions, smooth s(ni, li^ht to gentle breeze. This data is the average 
for the six hours' full speed natural-draft trial. 

AKASIU. 

The third-class cruiser Alcmhl. underwent trials on March 7, with 
results as follows: 

Place of trial Tokyo Bay. 

State of wind and sea Very calm and smooth. 

Amount of coal carried 600 tons. 

Draught forward 14 feet 7 inches. 

Draught aft 18 feet. 

Conditions of trial Two nma over a course of 3 mea£ured 

miles. 

Steam pressure 135 pounds jkt wjuare inch. 

Revolutions 151. 

Vacuum 18.5 inches. 

Speed in knots 19.53. 

Coal consumption jK'r I. II. P 1.25 pounds. 

MeanI.H.P 7,396. 

08HIMA. 

The following results were obtained on the trials of the gunboat 
Oshima^ after being overhauled at the Sascbo dockyard: 

Place of trial Sasebo. 

Date of trial December 28, 1899. 

State of wind and sea Moderately calm and smooth. 

Amount of coal carried 140 tons. 

Draught forward 8 feet. 

Draught aft '. 10 feet 6 inches. 

Conditions of trial Two runs over a measured mile. 

Steam pressure 147 jjounds i)er square inch, 

lievolutions 203. 
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Vacuum 24.41 inches. 

Speed in knots 13.10. 

Coal consumption per I. H. P 5.15 pounds. 

Mean I. H. P 803. 

Torpedo Gunboats. 

(HIHATA. 

This vassel, which was entirely built and engined at the Yokosuka 
dockyard, was successfully launched on jMay 26, 1900, in the presence 
of the Emperor and numerous other distinguished guests. Although 
by no means the largest vessel launched from the same yard, there has 
probably been more Japanese and less imported work put into her 
than anj^ of her predecessors. 

She is a steel boat, of 1,260 tons displacement, with triple-expansion 
engines of 6,000 horsepower, and her armament will consist of two 
12-centimeter Armstrong quick tirers, four 12-pounder Armstrong 
quick firers, and five torpedo tubes. 

Torpedo Boats. 

N08. 81 TO 88. 

The following are the results of the oflScial trial of one of these 
lx)ats (built by Schichau and put together in Japan): The trial took 
place at Sasebo July 12, with smooth sea, light airs. Steam pressure, 
235 pounds; vacuum, 23.8 inches; revolutions, 392.9; I. H. P., 1,382.6; 
.speed, 24.66 knots; coal consumption, 2.6 pounds per I. H. P. per hour. 
Draught, 5 feet 9 inches forward and aft. This data is the average of 
six consecutive nins over the measured mile. The other seven torpedo 
boats of this lot have all had their official steam trials with practically 
the same results as the foregoing, some making slightly loss and others 
slightly greater speed. These are second-class torpedo boats, of 80 
tons displacement. 

KUI. 

On December 16, the destroyer Niji was launched, with steam up, 
from the yard of Yarrow & Co., Limited, in the presence of a large 
number of the Japanese naval authorities. On December 18,*a prelim- 
inary trial was made, when a speed of 31.206 knots was obtained. 
The official trial took place on December 21, so that there was a gap 
of only five days between the launching and the official trial. The air 
pressure during the three hours' run varied from three-fourths inch 
to seven-eighths inch, and the consumption of coal for the three hours 
worked out at 1.98 pounds per I. H. P. per hour. The consumption 
per square foot of grate was 62.3 pounds. The draught of water to 
bottom of propellers was 7 foot 10 inches aft, 4 feet 11 inches forward. 
Load carried, 36 tons. Mean steam in boilers, 204.5 pounds; mean 
revolutions, 387.4; maximum speed (on sixth and last run), 33.707 
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knots; Admiralty mean, 31.106 knots. Means for three hours' trial, 
204 pounds steam, 53 pounds in first receiver, 7 pounds in second 
receiver; 23.75 inches vacuum; mean revolutions per minute, 388,06; 
mean speed during three houi-s, 31.156 knots. After the speed trial 
was completed tests were made of the way the engines handled^ also 
of the steering both by steam and by hand, all of which were to the 
satisfaction of the Japanese authorities. 

The Usug^imo^ the sixth vessel built and engined by Thornycroft 
for the Japanese Government, had a satisfactory full-speed trial at 
the Maplin Sands on the 23d of January, 1900. The speed realized 
when carrying a load of 35 tons was 30.602 knots on the measured 
mile, and 30.370 knots on a run of three hours' duration. 

Results obtained on the steam trials of torpedo boats: 

HATABUSA. 

Place of trial , : Atada-jima, Japan. 

Date of trial April 4, 1900. 

State of wind and sea Very calm and Bmooth. 

Amount of coal carried 25.5 tons. 

Draught forward 4 feet 6 inches. 

Draught aft 4 feet 10.5 inche*. 

Conditions of trial Six runs over a measured mile. 

Steam pressure 196 pounds per square inch. 

Revolutions 317. 

Vaeuum 25.98 inches. 

Speed in knot« 29.02. 

Coal consumption per I. H. P 2.29 pounds. 

Meanl.H.P 3,492 

TOBPEDO BOATS NOS. 29 AND 80. 

Place of trial Kure. 

Date of trial March 22, 1900. 

State of wind and sea Very calm and smooth. 

Amount of coal carried 15 tons. 

Draught forward 3 feet 11 inchen. 

Draught aft 4 feet 1 inch. 

Conditions of trial Six runs over a measured mile. 

Steam pressure 220 pounds per square inch. 

Revolutions 337. 

 

Vacuum 27.56 inches. 

Speed in knots „ 25.08. 

Coal consumption i>er I. H. P 2.58 pounds. 

MeanLH.P 1,523. 

ITALY. 

PUGLU. 

The protected cruiser Pnglia^ of 2,550 tons, 7,000 I. H. P., and 19 
knots speed (required), had her first official trials with natural draft 
off Tarente. With 4,400 I. H. P. the speed obtained was 16.2 knots, 
the working of the motive apparatus being very satisfactory. 
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On her natunil-di-aft six hours' trial, April li*, the PugHn niado a 
mean of 4,900 I. H. P. and 17.0 knots. Forced draft, one and a half 
hours, she made 7,500 I. H. P and 19.5 knots mean. The maxinmm 
natural-draft horsepower was 5,250, just 1,000 over the conti'act. The 
firm of Orlando made the engines. 

FriiHINE. 

The official trials of the destroyer Fidmine gave the following 
results: Six hours' trial with natuml draft, 315 revolutions; I. H. P., 
3,000; mean speed, 23.7 knots; three hours' trial with forced draft, 
354 revolutions; I. H. P., 4,730; mean speed, 26.2 knots. A maxi- 
mum speed of 26.5 knots was maintained for some time. 

iOXDOK. 

The results of the official trials of the destroyer Condor are as fol- 
lows: Trial of six hours' natural draft, water column about one-half 
inch, engines to develop not less than 1,800 1. H. P. with the use of 
liquid fuel, or 1,000 I. H. P. in case coal was used. Mean draught, 4 
feet; mean speed, 20.8 knots; I. H. P., 1,157 (liquid fuel not being 
used); revolutions, 268; steam pressure in boilers, 175 pounds; coal 
consumption, 2.66 pounds; consumption per square foot grate surface, 
30 pounds; temperature in boiler i-oom, 115° F., in engine room, 
109^ F. 

Full power trial, three hours with forced draft, air pressure not 
to exceed 3 inches water; under these conditions the engines to 
develop not less than 2,400 I. H. P.; mean draught, 4 feet 1 inch; 
mean speed, 25.7 knots; maximum speed, 26.3 knots; I. H. P., 2,410; 
revolutions, 341; air pressure, 1.7 inches; steam in boilers, 196 pounds; 
in steam pipes, 173 pounds; vacuum, 25.75 inches; temperature in both 
engine and boiler rooms, 106° F. ; consumption, selected Cardiff coal, 
2.71 pounds; per square foot of grate, 62 pounds; total coal burned 
per hour, 5,028 pounds. 

The results of this trial are notewoilhv in that without hard fore- 
ing and with an air pressure of less than 2 inches of water instead 
of the 3 inches allowed by the contract, the full designed power of 
2,400 1. H. P. was obtained. 

After the full -power trial, a second natural-draft trial was made with 
an air pressui*e of one-half inch of water in order to compare with 
the previous results, and to note what- advantage in these conditions 
might arise from the change in the method of forced draft on the 
closed ashpit system. The results showed a marked advantage, 1,500 
I. H. P. being developed with 285 revolutions, giving a speed of about 
22 knots, instead of 20.8. It was also found that the consumption of 
coal per I. H. P. per hour was reduced to 2.16 pounds. 

From the results of a series of progressive trials held subsequently, 
it appears that the highest value (0.649) of the propulsive coefficient 
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is reached at a speed of 21 knots, corresponding to the development of 
about one-half of the full power, and that the efficiency at higher 
speeds up to the maximum of about 26 knots is maintained at values 
above 0.60. 

LAHPO. 

The destroyer Lampo^ of 320 ton.s, built by Schichau, continued her 
trials. With 5,998 I. H. P. she made 340 to 350 revolutions and 
31.17 knots. On a consumption trial of six hours at 25 knots, she 
used 1.808 pounds of coal per horsepowerhour, which is a little better 
than was predicted. 

BRAZIL. 

HABESCIALLO DEODOBO. 

The ironclad Marescinllo Deodoro made her first official run the 2d of 
August last. The draught of water was about 12.92 feet, with a dis- 
placement of 3,082 tons. With fine weather, calm sea, and an easterly 
breeze, the measured base was run over four times. The speed 
attained during the last run was 14.952 knots, being about a knot in 
excess of the required speed. The mean of the last two runs was 
14.876 knots. At this speed a complete circle was turned in four min- 
utes and a quarter. 

On August 5, a coal-consumption trial was made at 10 knots' speed, 
and in place of a consumption of 1.46 allowed by the contract, the 
consumption did not exceed 1.21 pounds. 

TAMOYO. 

The new torpedo cruiser Tamoyo^ built at the Germania Yard, Kiel, 
completed her steam trials successfully; under forced draft during 
a four hours' run, the engines developed 7,500 I. H. P., giving a mean 
speed of 22.7 knots, while during an eight hours' run under natural 
draft the engines developed 5,000 I. H. P., which gave a mean speed 
of 20.5 knots. The dimensions of the ship are as follows: Length, 269 
feet; beam, 28 feet 10 inches; draught, 9 feet 10 inches; with a dis- 
placement of 1,080 tons. The armament consists of two 10.5-centi- 
meter (3.9-inch) guns, six 57-millimeter (2.2-inch), two 1.4-inch 
machine guns, all R. F., and two mitrailleuses, with three submerged 
tubes for 18-inch torpedoes. There is an armored deck 1 inch thick 
on the slopes and three-eighths inch on the horizontal part in addition 
to protection aflforded by the coal bunkers. The bunkers can stow 260 
tons, which, at 10 knots speed, give a radius of action of 6,000 miles. 

HOLLAND. 

In the trial trips held during the autumn of 1899, one of four hours 
at full speed, the other of thirty hours at sea, all three of the new 
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Netherlands cruisers came up to contract requirements. Specifically 
the results were as follows: 



Full speed trial: 

Average I. H. P 

Speed, knots 

Goal consumption per I. H. P. per hour, pounds 
Thirty hours' trial: 

Average I. H. P 

Speed, knots 

Coal consiunption per I. H. P. per hour, pounds 



Noord 
Brabant. 


Gelder- 
land. 


10,040 


9,867 


20.06 


20.047 


2.07 


2.49 


4,690 


4,346 


16 


16 


1.98 


2,27 



Utrecht. 



10,067 

19.618 

2.20 

4,533 

16 

2.37 



The engines of all three were built at the Nederlandsche Fabrick 
at Amsterdam. 



NEW SHIPS AND TORPEDO BOATS. 

FRANCE. 

IIKXBIIY. (A-3.) 
(Page 155, No. XIT; 46, No. XIII; 18, No. XIV; 28, No. XV; 27, No. XVI, Part II.) 

DBSCRIPTIVE AND EXPLANATORY REMARKS. 

Battleship, for coast defense, improvement on JSouvhie^ class. Hiefh 
fore<*astle, the sides are brought in, no longer following the water line, 
but a straight line fore and aft inboard, forming a narrow supci'struc- 
ture as compared with the full beam of the ship; from where the fore- 
castle ceases the freeboard is very low, especially aft, where it is only 
3 feet 6 inches out of the water. Freeboard forward about 21 feet. 

The keel was laid at Cherbourg dockyard, July 15, 1897, and she 
was launched August 23, 1899. 

Material of hull, steel; form of bow, ram (slight); two funnels; one 
military mast forward and signal mast aft; complement, 26 officers 
and 438 men. 

Dimensions: Length, 354.3 feet; extreme breadth of beam, 72.84 
feet; draught, maximum, 22.96 feet; displacement, 8,948 tons. Cost: 
Total, $3,813,927; guns, $303,245; torpedo outfit, $35,604. 

ARMAMENT. 

Two 274.4-millimeter (10.8-inch) guns in turrets forward and aft. 
Seven 138.6-millimeter (5.45-inch) R. F. guns, four in central redoubt, 
two in casemates at sides above it, and one in after turret. 
Twelve 47- millimeter R. F. guns on superstinictures. 
Two 37-millimeter R. F. guns in military top. 
Two 65-millimeter R. F. guns on field mounts. 
Torpedo tubes, two— submerged. 
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Distribution of guns: (There is one complete deck above the water 
line, which is the upper armored deck; above this main deck are 
three decks, two of which extend to the bow, but not to the stern; 
these, for convenience, may be termed the battery, upper, and bridge 
decks): One of the two turrets for the 10.8-inch guns is situated for- 
ward on the bridge deck, giv^ing its gun an arc of train of about 145 
degrees on either side of the bow, firing over the forecastle; the other 
10.8-inch gun is located in a similar turret aft on the end of the bat- 
tery deck, which is some distance from the stern. This gun trains 
about 150 degrees on either side of the stern. 

Across the battery deck amidships is a central armored redoubt, 
with corners cut away. The four 5.45-inch guns situated in these 
corners have, therefore, a train of 120 degrees each — that is, from right 
forward in the case of the two forward ones and right astern in the 
case of the two after ones to 30 degrees abaft and forward of the beam, 
respectively. Above this redoubt on either side is a casemate, each 
containing a 5.45-inch gun, having a training arc of 65 degrees op 
either side of the beam. The seventh 5.45-inch gun is located in a 
turret placed on the after end of the upper deck, and fires through a 
large arc on either side of the center line of the ship, over the turret 
of the after 10.8-inch gun. 

All the turrets and ammunition hoists are worked by electricity. 

PROTECTION. 

Hull protection: Harvey ized steel belt from stem to very near the 
^iCern, with a thickness of 11.8 inches amidships, 7 inches at ends. 
Width, 7.22 feet — 2.95 feet above and 4.27 feet below water line. 
After transverse bulkhead uniting ends of belt, 9.84 inches thick. 
Side armor above this extends from bow to central redoubt — with a 
width of 7.38 feet, on redoubt 14.70 feet; thickness, 3.78 inches. 
Bulkheads across ends of redoubt 3.78 inches thick. 

Protective deck: Lower curved deck, 1.97 to 3.15 inches thick; 
splinter deck flat, 1.26 inches thick. 

Turrets, barl)ettes, redoubts: Central redoubt, casemate above it and 
turret for after 5.45-inch gun, have 4-inch armor; two main turrets 
forward and aft have 9.5-inch armor, and their hoods 11.8-inch armor. 

MOTIVE POWEB. 

Engines: Made at the Indret Engine Works; three in number, in 
separate compartments, divided by water-tight bulkheads. Vertical 
triple-expansion engines. To develop 11,500 I. H; P., giving speed 
of 17 knots. Maximum I. H. P., 12,000. 

Boilers: Niclausse water-tube boilers, divided into four groups, 
placed two and two before and abaft the transverse bulkheads — 12 in 
number. Maximum steam pressure, 294 pounds; heating surface,^. 
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25,940 square feet; grate surf ace, 807.8 quare feet; height of funnels 
above grate bars, 73.5 feet. 

Screws: Three. 

Coal capacity' : At load water line, 725 tons; total capacity, 1,100 
tons. 

Radius of action: At maximum speed, with 725 tons coal, 1,120 miles; 
with 1,100 tons of coal, 1,700 miles; at 10 knots, with 725 tons coal, 
5,000 miles; with 1,100 tons coal, 7,590 miles. 

DUPLEIX, BKSAIX, KlilBER. 

DESCKIITIVE AND KXJ'LANATOKY KKMAKKH. 

Armored cruisers, deriv^ed from the Jeanne IT Are ^ diminutions of 
the Grueydon class. Designed for service on foreign stations. 

The IhLpWtxi?H keel was laid at the Rochefort Arsenal Januaiy 18, 
1899, and she was launched April 28, 1900. The Demir^ to be built at 
the Loire shipyards, St. Nazaire, and the lvlel)er at the Gironde ship- 
yards, Bordeaux, are not as 3'et laid down. 

Material of hull, steel, sheathed and coppered; form of bow, slight 
ram; four funnels fore and aft, in pairs; two pole masts; comple- 
ment, 480. 

Dijnenffums, — Length, 42(5.5 feet; extreme breadth of beam, 58.4 
feet; draught, 24 34 feet; displacement, 7,700 tons. 

CV>j*^.— Total, ^3,022,200; hull and machinery, $2,599,1(54; guns, 
$402,347; torpedo outfit, $20,(390. 

ARMAMENT. 

Ten 6.48-inch guns. Two of these are mounted in turrets on the 
center line fore and aft, on the upper deck, having large arcs of fire. 
The rest are mounted, four on each broadside, in armored casemates, on 
the main deck. Four of these eight in casemates have direct fire ahead, 
and four have direct fire astern, by reason of the sides of the ship 
being brought inboard amidships and the casematcis placed on sponsons. 
Ten 47-millimeter R. F. guns; six mounted on the upper deck over 
the four forward and the two after casemates, and the other four on 
the lower deck, firing through recessed ports nearly abreast of the 
forward and after turrets of the larger guns. 

Six 37-millimeter R. F. guns, two on the fonvard l)ridge, two on the 
after bridge, and two on the main deck, well aft. 

(The above data concerning the guns is derived from authoritative 
iources. It is otherwise stated as follows: Eight 6.48-inch guns by 
"t>uples in four turrets — one forward, one aft, and one in each waist; 
four 3.94-inch guns; ten 47-millimetcr and four 37-millimeter guns). 

Two 65-millimeter guns. 

Torpedo tubes, two, above water. 

Search lights, six. 
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PROTECTION. 

Hull protection: Steel IxMt 3.94 inches thick extends from the stem 
to about 65 feet from the stern. It rises about 3.28 feet and descenclt: 
about 3. 94 feet from the water line, and toward the bow rises to a heig-h< 
of 9.84 feet above water. The vertical armor is not secured on a woo^^- 
backing. A peculiarity of these vessels is a strip of hard steel armcr 
secured to the protective deck nearly down at the sides, with a thick 
ness of about 1.4 inches. Cofferdam around water line just inside o.* 
armor, extending full height of the space between the two decks cov- 
ered by the belt. 

It is proposed to fill the cofferdam with an obtui*ating material. 
Inboard of the cofferdam is a passagewa3^ On the first deck above 
the belt there are fitted on each side partial partitions extending inboard 
from the sides of the vess<el, and producing the effect of a number of 
wide stalls. These are fitted on the Jemme If Arc and vessels similar 
to her, and are made of metal not thicker than 0.08-inch, and have a 
beading on the inboard edge. They are placed at every fourth beam 
and extend nearly the entire length of the deck, being discontinued 
only at the ends, where the sides begin to curve markedly toward the 
bow and stern. They are intended to localize water in case the vessel 
should take a marked heel through injury in battle. They are secured 
inboard to a fore-and-aft strip about 18 inches in height. 

Protective deck: Thickness on the horizontal part, 1.77 inches; on 
the slopes, 2.76 inches, 

Turret armor 5.5 inches thick. 

MOTIVK l»OWKR. 

Engines: Three vertical triple-expansion engines, installed in sepa- 
rate water-tight compartments, together fonning a single transverse 
section of the ship. Three screws, I. II. P. 17,100 at 150 revolutions. 

Boilers: The DupUii^ and DenaLe are to have 24 Belleville boilers 
each, placed jn eight boiler rooms, with a total grate surface of about 
1,076 square feet. The KUher is to have 16 Niclausse boilers, also in 
eight boiler rooms. 

The auxiliary machinery includes five electric ammunition hoists and 
two 600-ton exhaust pumps. Three dynamos furnish power for the 
machinery which operates the tuiTets and the ammunition hoists, as 
well as for the six search lights. 

The engines of all these new French cruisers are placed in the middle 
of the length of the vessel, and the boilers ]x)th forward and abaft 
them. 

The stern is much cut away, and the rudders do not rest on a step. 
The side propellers are widely separated from the center one. This 
separation of the engines has necessitated giving a special shape to the 
frames under them, making them in places considerably less in depth 
than adjacent frames. 
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Coal capacity, at load water line, 880 t/ons; total capac^ity, 1,200 
tons; giving a nulius of action, in the first case, of 1,210 miles at niaxi> 
mum speed and 6A60 miles at 10 knots speed, and, in the second case, 
of 1,650 miles at maximum and 8,800 miles at 10 knots speed. The 
required speed is 21 knots. 

Anchors: These new cruisers ai^ fitted with ''patent anchors," and 
the two bower anchors are stowed in recesses built into the bows. A 
third anchor of the same model is stowed well forward on the fore- 
castle. 

3I0NTCALH. 

(Page 10, No. XVII, Part I.) 

The aiTOored ciniiser Mtrntcahn^ laid down January 25, 1898, was 
launched March 27, 11)00. In all essential respects she is a sister to the 
Gu^don^^ building at Ijorient and launched in September, 1899, and the 
Dupetit'ThimarH^ now building at Toulon. The Montcalm is building 
by Les Forges et Chantiers de la M^diterran^e at La Seyne, and is 
fitted with 20 boilers, 4 being of the simple Normand and 8 of the 
double Normand-Sigaudy type, differing in this particular from the 
(rueydotu which has 28 Niclausse boilers, and from the Ihiptdit-Thouars^ 
which has 28 Belleville boilers. 

A genei-al description of the Gn^eydoii on page 90 of General Infor- 
mation Series, No. XVIII (except as it states erroneously the kind of 
boilers for the G\Leydori)^ applies equally well to the other two ships 
of this class. Fuller details are as follow: 

There are four complete decks — the protective deck, at the water 
line; the upper protective or gun deck; the main deck; and the upper 
or spar deck, which is not c^irried out to the stern. 

ARMAMENT. 

Distribution of guns: The two 7.()4-inch guns, having an arc of fire 
of 270 degrees, are placed in closed barbette turrets on the upper deck, 
one forward and the other aft, armored as follows: Moving portion: 
walls, 7.87 inches; dome of turret, 1.18 inches; splinter screen, 1.575 
inches. Fixed portion: parapet, 7.87 inches; splinter-screen floor, 
1.575 inches; upper part of ammunition hoists, 6.3 inches; lower part, 
1.97 inches. Elevation by hand; training by electricity or hand. 
Distinct projectile and powder hoists. 

Eight 6.47-inch R. F. guns, four on each side of the main deck on 
sponsons, with casemates having 4.72 inches of steel in front, 1.97 
inches in rear, 1.18 inches underneath, and a roof of 0.87-inch steel. 
E^ch has a separate ammunition hoist, actuated by electricitj^ or by 
hand. The two after and two forward 6.47-inch guns can fire in line 
with the keel. 

Four 3.94-inch R. F. guns on the upper deck, behind strong steel 
shields, and each with a separate ammunition hoist. 
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Sixteen 4:7-milliinctcr guns, R. F. : Four in the military top, six on 
the upper deck and bridges, and six in the battery. 

Six 37-milUnieter guns, R. F., upon the bridges and on the main 
deck aft. 

The 47-millimeter and 37-millimeter guns are served by three ammu- 
nition hoists actuated by hand, one in the military mast, one for the 
pieces forward, and one for those aft. 

There are said to be installed two submerged torpedo tubes and three 
above water. The two submerged tubes are on each broadside forward. 
The torpedo rooms are located forward. 

The distribution of fire, therefore, is as follows: 

Ahead: One 7.64-inch; two 6.47-inch, R. F.; two 3.94-inch, R. F.; 
four 47-millimeter, R. F. ; two 37-millimeter, R. F. 

Astern: One 7.64-inch; two 6.47-inch, R. F.; two 3.94-inch, R. F.; 
six 47-millimeter, R. F. ; four 37-millimeter, R. F. 

Broadside: Two 7.(>4-inch; four 6.47-inch, R.F. ; two 3-94-inch, R. F. ; 
eight 47-millimeter, R. F. ; three 37-millimeter, R. F. 

PROTECTION, 

Hull protection: At the water line the main armor belt extends 
from the stem to within 13.12 feet of the stern, where a transvei"S(» 
bulkhead unites the ends. This belt rises 2.36 feet above and descends 
4.43 feet below water, except at the stern, where the depth below 
water is only 2.36 feet; its maximum thickness is 6.91 inches, decrejis- 
ing to 3.54 inches forward and to 3.15 inches aft. 

Above this main belt a slighter belt extends over the same length 
and rises to the level of the upper annored deck, thus protecting the 
space between the two protective decks (the *' tranche cellulaire''); its 
thickness is 3.74 inches amidships, decreasing to 3.35 inches forward 
and 2.95 inches aft. 

Still another belt is laid on for a distance of 141 feet, beginning at 
the stem (to a point in line with the first funnel forward), rising to the 
level of the main deck, 2.24 inches thick at its lower edge and 1.58 
inches at its upper edge. 

The bulkhead forward of the forward casemates has armor 4.72 
inches thick, that aft of the after casemates 3.94 inches thick. The 
bulkhead aft which limits the two side armor belts has armor with a 
thickness at its lower edge of 3.31 inches and at its upper edge of 1.58 
inches. The two former bulkheads rise from the main deck to the 
upper deck, and thus serve as protection to the 6.47-inch guns between 
decks from raking fire. The after bulkhead descends to the hull. 

The hull is ver}- much subdivided by water-tight bulkheads and has 
a double bottom. An ingenious combination of partial bulkheads at 
the sides below the protective decks affords a great amount of protec- 
tion, even in certain critical circumstances. In the sides of the 
"tranche cellulairo" and around all large openings is a cofferdam. 



65 

Protective decks: The lower protective deck is composed of a hori- 
zontal part in the center with a thickness of 1.18 inches, and of sloping 
sides, the thickness varying from 2.17 to 1.18 inches at the sides, 
which meet the lower edge of the main belt armor. 

The upper protective deck, at the height of the upper edge of the 
second armor belt, is composed of one layer of a thickness of 0.394 
inch, except between the turrets, where it is of a total thickness of 
0.63 inch, in two layers. This deck is flat. 

Conning tower: elliptical, with armor 6.3 inches thick. Situated 
on the forward bridge. Voice tube has 4.72 inches of armor. 

MOTIYB FOWEB. 

The ship is driven by three screws, each actuated by a vertical, 
triple-expansion engine, each with three cylinders. Normal I. H. P. , 
10,000; maximum, 19,600, with 135 revolutions; speed, 21 knots. 

The normal coal supply is 1,020 tons; the bunkers can carry 1,600 
tons. Provision is also made for petroleum fuel, contained in four 
cisterns, two forward and two aft; the capacity of each is 20 tons. 

The engines are placed side by side in the same transverse space, 
but this is divided into three water-tight compartments by longitudi- 
nal bulkheads. 

The boilers are placed in four transverse boiler rooms, two forward 
of and two abaft the engines. 

BLBCTSICAL AFPABATin. 

Four steam dynamos, running at 400 ampferes, 82 volts, with the 
ability to run for an hour at 500 amperes, 82 volts, actuated directly 
by vertical compound engines, running at 350 revolutions a minute. 
For interior lighting there are about 500 lamps. 

One search light is located on a platform at the top of the military 
mast, one on a platform low on the mizzenmast, and four are placed 
in the battery — ^two forward and two aft — mounted on traveling rail- 
ways, and rig in and out. 

BoQiB. — ^The ship has 18 boats. 

Orefw. — In case of a general oflScer and staff being aboard, the crew 
will number 610 men, about 24 being officers. 

Cost. — ^The total cost of the Gueydon is estimated to be about 
$3,961,665, of which $436,206 is for the guns and $35,604 for torpedo 
armament. 

RUSSIA. 

ASKOLD. 

(Page51, No. XVin.) 

On March 15, 1900, the protected cruiser Askold was launched from 
the Germania Works at Kiel. The ship has noticeably slender lines, 

2597— No. XIX 5 
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a powerful armament, large coal supply, and a strong water-tight sub- 
division throughout. On the upper deck is a superstructure contain- 
ing the officers' quarters, and forward another for the closets, baths, 
etc., of the crew. Over the forward house is a roomy conning tower 
with 5.9 inches of hardened nickel-steel Krupp armor, and above it 
the bridge. The bow has a ram form; there are five tall, slender fun- 
nels in a fore-and-aft line, and two light pole masts rigged for signaling 
purposes. 

ARMAMENT. 

Twelve 15-centimeter (5.9-inch) guns, one forward on top of the 
deck house, one aft on the upper deck, and five on each side in 
sponsons on the upper deck, all training through considerable arcs. 
These are rapid-fire 4:5-caliber guns. 

Twelve 7.5-centimeter (2.95-inch) R. F. 50-caliber guns, all on 
main deck, two forward, two aft, and eight in broadside. The four 
forward ones are mounted in sponsons, giving them a direct fire ahead, 
and the four after ones are similarly mounted, giving them astern fire. 

Eight 47-millimeter (3-pounder) and two 37-millimeter (1 -pounder) 
R. F. guns, besides two machine guns, on the bridge and superstruc- 
tures. 

There are six torpedo tubes for 38-centimeter torpedoes, 1 forward 
above water, two on broadside above water, two broadside under water, 
and one astern. 

The ship has torpedo net defense rigged on spars. 

The armor protection for the 5.9-inch guns is 5 inches thick. 

Six searchlights, Mangin system, are carried, two forward on the 
superstructure, two on the after superstructure, and two amidships. 

Latest obtainable information has it that the Askold^ instead of being 
supplied with two sets of engines, as stated on page 52, No. XVIII, 
and twin screws, has an installation of three sets of triple-expansion 
engines, driving three screws, the two forward ones in a single com- 
partment, the after one in a room by itself, the mean speed to be at 
least 23 knots an hour on a twelve hours' endurance trial. On the 
measured mile, or during a three hours' run, the builders hope for a 
mean speed of 24 knots. 

Steam is supplied by nine Schulz water-tube boilers in five water- 
tight compartments below the water line. 

Six dynamos, of which four are located beneath the protective deck, 
furnish power for the interior lighting, auxiliary engines, and the 
searchlights. 

Each of the principal compartments has a centrifugal pump, run by 
a separate electric motor, capable of emptying the compartment in one 
hour. 

The Krupp firm have furnished everything for the Ashold — hull, 
armor, boilers, engines, and armament. It is reported that no other 
firm in Germany is able to do this. 
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It is said that it will be a difficult matter to berth her crew of 580 
j men, especially the engineer personnel, which will necessarily be 
! large. 

i BAYAN. 

j The armored cruiser Bayan^ launched at La Seyne by Les Forges 

et Chantiers de la M^diterran^e in June, 1890, presents the following 

characteristics : 

[ Length, between perpendiculars, 445 feet; breadth of beam, 57 feet 

' 1 inch ; depth of hold, 38 feet; mean draught, as well as maximum, 22 

feet 1 inch ; displacement, 7,800 tons. 
' The following details will show that the displacement, relatively 
I small, has been admirably utilized in the Bayan^ and that the vessel 
possesses important military value in spite of its reduced displace- 
ment. The hull is built of steel, sheathed, and presents a distribution 
worthy of notice. A double bottom extends under the engine and 
boiler spaces to the height of the armored deck. The various com- 
partments are sepai*ated bj' longitudinal bulkheads, forming on both 
sides a third protection. Under the armored deck are two between 
decks, the lower one, surrounded by a cofferdam, is divided by several 
longitudinal and transverse bulkheads, these forming a complete hori- 
zontal cellular section, which effectively protects the vessel agaii;ist 
sinking in the case of water entering above the armored deck. These 
compartments, with the exception of the forward and after ones, are 
used as coal bunkers. The upper between decks contains the cabin of 
the captain and some other officers, besides the military installations, 
which will be mentioned hereafter. 

The defensive power consists of a nearly complete armor belt 5.9 
feet in width, reaching 3.9 feet below the water line, and rising 2 
feet above. The armor is made of cemented steel plates 7.9 inches in 
thickness at the upper edge, and 3.94 inches at the lower edge, over 
all the space containing the engines and boilers. Forward of and 
abaft this space the thickness decreases gradually to 3.94 inches at 
the extremities. The main water-line belt is further strengthened by 
a thinner plate of special steel, covering the entire height of this 
cellular between decks. Over the above plate are three redoubts, with 
protective plates 3.2 inches thick, placed forward, aft, and abeam for 
intermediate and small-caliber guns. The armored deck reaches to 
the lower edge of the all-round belt and has an effective thickness of 
2 inches in the unarmored water-line space aft. The protective deck, 
which reaches below the water line, is topped by a cellular division 
Tvhose upper facing is on a level with the armor deck. 

The heavy guns in the turrets are protected by plates of armor G.6 
inches thick in both the moveable and fixed parts. The speaking tube 
is 3.2 inches thick. The conning tower is protected by plates 6.3 
inches (hick. 
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To the efficient protection of the whole the Bayan joins a consider- 
able offensive power. The armament that constitutes it is distributed 
as follows: 

Two 8 -inch guns in the forward and after turrets. The forward gun 
is raised 3 feet higher than the after gun. The turrets are balanced 
and worked by electricity and hand. 

Eight 6-inch guns distributed as follows: Two in the forward redoubt, 
four in the central redoubt (one at each corner), and two in the after 
redoubt. These guns are, in addition to the plates of the i*edoubts, 
protected by circular shields. 

Twenty 12-pounder guns distributed as follows: Eight in the central 
redoubt in broadside, four on each side; two in the bows; two at the 
stem; four on the central redoubt above the four 6-inch guns (chase 
and retreat); two on the forward redoubt above the 6-inch guns 
(chase); and two on the after redoubt above the 6-inch guns (firing 
astern). 

Seven tt7-millimeter rapid-fire guns in the tops and on the super- 
structure available for boat armament. 

The guns are so distributed that it is possible to concentrate forward 
and aft simultaneous fire of one 8-inch gun, four 6-inch guns, and six 
12-pounders, besides the Hotchkiss machine guns. 

The magazines are situated right under the pieces they serve, and 
can stow 100 rounds of 8-inch, 150 of 6-inch, 750 of 12-pounder, and 
600 of 47-millimeter. The ammunition is handled by hand and elec- 
tricity. There are also two submerged torpedo tube«, firing at an 
angle of 65 degrees. 

The motive power is provided by two triple-expansion engines of 
17,000 I. H. P., supplied by 26 Belleville boilers, with economizers, 
distributed in four rooms. The speed required by the conti-act is 
21 knots in a sustained run of twenty-four hours. Coal capacity, 
normal, 750 tons; maximum, 1,100. The coal is stowed in most part 
in bunkers around boilers. There are other lateral transverse bunkers 
to facilitate the service of the boilers. 

The engines were built in Marseilles and the boilers at St. Denis. 

The cost was 16,500,000 francs. 

ITALY. 

It is reported that Minister Bettolo has decided on the following four 
figures as the principal data for the new cruisers, two of which will 
probably soon be laid down: Speed, minimiun, 22 knots; armor, not 
less than 6 inch; armament, twelve 8-inch, twelve 3-inch, and twelve 
47-millimeter guns; displacement, 7,500 to 8,000 tons. 

The plans for the new type of ship are being studied by Naval Con- 
structor Cuniberti, who has determined the defensive and offensive 
chaiuc^teristics as follows: 
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Defensive ch/vracteristics. — Armor belt from bow to stern^ annored 
redoubt, bulkheads, casemate turrets, and conning towers, not less 
than 6 inches thick, able to keep out any high-explosive shell, of what- 
ever caliber, and the armor-piercing shell of the largest rapid-fire guns 
with which battleships have hitherto been armed. 

Offensi/oe chofracteriatics. — ^The armament to exceed 6-inch caliber, 
which has proved inadequate against armored ships. At battle dis- 
tances the twelve 8-inch guns will be able to perforate hostile armor. 

Speed and autonomy, — ^The speed of the present armored cruisers is 
not sufficient for the services which they may be called upon to render 
in war, hence the speed must exceed 22 knots. 

BBPOBTSD CHANGES IN PLANS OF BBNEDETTO BBIN AND RBQINA MABOHEBITA. 

Four 30.5-centimeter (12-inch) guns to be installed in the four cor- 
ners of the quarter deck; twelve 15.2 centimeter (6-inch) guns on the 
gun deck, the four guns at the extremities being adapted to fire ahead 
and astern; twenty-four 7.6-centimeter (3-inch) guns on the gun deck, 
forward and aft, on the superstructures, and in the fighting tops. 
(Original plans: Two 30.5-centimeter (12-inch) guns in one turret, aft; 
ten 20.3-centimeter (8-inch) guns installed in pairs in five turrets, one 
in the bow, the other four in the broadsides at the corners of the 
armored citadel.) 

The armor is 15 centimeters (6 inches) thick at the belt and 20 centi- 
meters (8 inches) in the bulkheads,, which close the redoubt in the orlop 
and gun deck. 

The protective deck extends from bow to stern, and is 20 millimeters 
(0.787 inches) thick on the horizontal part and 80 millimeters (3.15 
inches) on the slopes. 

The motive appai*atus, which is being constructed by the Ansaldo 
C!ompany is to develop 19,000 I. H. P. and give the ships a speed of 20 
knots. 

The following are the dimensions of the hull: Length between per- 
pendiculars, 426 feet 6 inches; length over all, 454 feet 9i inches; 
extreme breadth of beam, 78 feet 2i inches; mean draught, 27 feet 
i inch. Normal displacement, 13,426 tons. 

This change from 8-inch to 6-inch guns on these battleships seems 
very inconsistent with the design of the new 8,000-ton ships, in which 
the 8-inch gun appears, the principal argument for it being that the 
6-inch gun is too small. 

FLOTILLA OF DBffTBOYBBS. 

Italy having decided upon the construction of a flotilla of destroyers, 
the Fvlmme wss ordered from the firm of Odero, at Sestri Ponente, 
from whose yards she was launched on December 4, 1898. Before 
proceeding with further construction, Italy apparently awaited the 
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results to be obtained by a division torpexio boat, D-10^ built in England 
for the German Government. The especial point involved in ordering 
this boat from English builders was to obtain a comparison of English 
with German built boats of the same type. The results of the trials 
of D-10 were such that Germany ordered from Schichau a number of 
destroyers, and at the same time Italy gave the same firm orders for 
six boats. A second order was placed with Pattison, at Naples, for 
six boats, constituting a third type. 

It is most likely that the Fuimine will not be repeated. 

The two classes under construction, then, are the Aquilons^ Borea^ 
Nembo^ Turbine^ Metcora^ Tucmo^ at Naples; Dardoj Frecda^ Lanvpo^ 
Strale^ Euro^ Ostro^ at Elbing. 

The characteristics are: 



Material of hull 

Length between perpendiculars, feet . 

Greatest breadth of beam, feet 

Draught forward, feet 

Draught aft, feet 

Displacement, tons 

I.H.P 

Twin screws. 

Coal capacity, tons 

Speed, estimated 

Guns, 76 mm 

Guns, 67 mm 

Torpedo tubes 



Fulmine. 



Lampo. 



Nickel steel. 
200 
21 
6.2 
8.79 
298 
4,800 

60 
30 



6 
2 



steel. 

198.6 

21.32 
6.74 
8.36 

320 
6,000 

60 
30 

1 

6 

2 



Borea. 



Steel. 
208 
19.48 
6.33 
7.61 
330 
6,000 

60 
30 

1 

6 

2 



Of the Schichau boats, two have been launched — the Lampo^ October 
8, 1899, and Freccia, November 23, 1899. 

The hulls of the two types Fvlmine and Lampo show very important 
differences. The lines of the stern are too fine in the former, and in 
consequence, at a speed of 26 knots, the tiiffrail descends from 1.20 
meters to only 40 centimeters from the surface of the water, while the 
bow rises in such manner as to give to the ship an entirely abnormal 
water line, which is prejudicial to the speed. Except for that the Ful- 
min^^ with her 4,730 horsepower (she should develop 4,800) would cer- 
tainly attain, if not exceed, a speed of 30 knots. 

In the Lampo type, on the contrary, the stern sits well on the water. 
The line of flotation is not perceptibly changed and the power of the 
engine is better employed. 

The motive power of the FiJmin^ consists of two triple-expansion 
engines, each having four cylinders. The two low-pressure cylinders 
are equal to each other and to that of medium pressure, and exhaust 
into a single condenser provided with two centrifugal circulation pumps, 
which are placed in the engine room. The condensed water is forced 
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by special pumps into the purifying apparatus of the Kankine system 
(formed of tubes pierced with small holes and covei'ed with coarse- 
me^^hed canvas, on which is deposited the grease which comes from the 
lubrication of the cylinders) and passes next into the Normand heaters, 
which receive the exhaust from the auxiliary engines. 

The steamer is furnished with four water-tube boilers of the Blechyn- 
den type, placed in pairs in two separate compartments. Each com- 
partment has two ventilators for forced draft in a closed receptacle. 
The compressed air reaches the grates by opening by its own pressure 
the automatic doors of the ash pits. Each boiler is fed by a special 
pump of the Blake type, and there is also in each compartment an aux- 
iliary feed pump of the Worthington type. The normal working 
pressure of the boilers is 220 English pounds. The total grate surface 
is about 20 square meters and the total heating surface about 910 
square meters. 

The following results were obtained in the official trials: 

Duration of trial with natural draft (hours) 6 

Duration of trial with forced draft (hours) 3 

Number of revolutions with natural draft 315 

Number of revolutions with forced draft 354 

Horsepower with natural draft 3,000 

Horsepower with forced draft 4, 730 

Average speed per hour with natural draft (miles) 23. 70 

Average speed per hour with forced draft (miles) 26. 20 

During the trial with forced draft a speed of 26.6 knots was main- 
tained for quite a long time. 

SPAIN. 

BIO DE LA PLATA. 

The small protected cruiser Rio de la Plata^ which was launched at 
Havre September 17, 1898, had her trials during the year 1899, and has 
been put in conmiission by the Spanish Government. This spring 
she paid a visit to Montevideo, the patriotic Spaniards of Argentina 
and Uruguay having subscribed the cost of the vessel. 

In appearance she much resembles the Chilean Pinto oxiA. Errazuriz^ 
save that she has two funnels, and is called an improvement on the 
type of the Spanish Antonio de TJlloa, She is built of steel, sheathed 
and coppered, has a high freeboard, a ram bow and two pole masts, 
each with a platform for a light gun. 

Her principal dimensions are as follows: Length between perpen- 
diculars, 245 feet 7 inches; beam, 35 feet 4 inches; mean draught, 14 
feet 3 inches; displacement, 1,875 tons. 

Two 5.9-inch R. F. guns are mounted, one on the topgallant fore- 
castle and one on the poop, with box-like shields training with the 
guns. The forward gun trains through an arc of 290^, the after one, 
2440. 



72 

Four 4. 7-inch R. F. guns are mounted in broadside sponsons which 
project considerably outboard, giving the two forward guns a train 
from right ahead to several degrees abaft the beam, and the two 
after guns a train from right astern to some degrees forward of the 
beam. 

Six 6-pounder R. F. guns are carried on the main deck in the 
waist, between the 4.7-inch guns. 

Two 1-pounder Hotchkiss revolving cannon are carried on the fore- 
castle, fitted with shields. 

Four machine guns are carried, one in each top and one on each side 
of the forward end of the poop. 

Two torpedo tubes above water, one on each beam abreast of the 
funnels. 

For protection she has a light protective deck of mild steel, trapezoidal 
in section, having a thickness of 0.4 inch on the horizontal part and 
0.8 inch on the inclined part. An armored conning tower on the 
bridge has a thickness of 0.8-inch steel on the sides and a roof of 
0.6-inch, and the armored ammunition tubes from the protective deck 
to the upper deck have 0.8-inch thickness. She also has a cofferdam. 

A search light is mounted on each end of the bridge, over the for- 
ward sponsons, and a third search light is mounted on a high platform 
over the poop. 

Two sets of vertical triple-expansion engines, surface condensing, 
drive the two screws. 

The steam-generating apparatus consists of two groups of Normand- 
Sigaudy water-tube boilers in four transverse water-tight compart- 
ments. 

The ship carries two dynamos of 200 amperes capacity and 100 volts, 
which will supply electricity for incandescent lights and search- light 
projector, as well as ammunition hoists and various auxiliary services. 
The ammunition hoists for the 5.9-inch and 4.7-ineh guns are of the 
Noria type. 

The vessel was designed for 7,100 I. H. P. and a speed of 20 knots 
with forced draft; 16.6 knots with natural draft. Her normal coal 
capacity^ is 270 tons, with which she is able to steam about 4,000 miles 
at 12.5 knots speed. 

On her natural-draft trial she developed, it is said, 18.7 knots. She 
also made one attempt at a forced-draft trial and developed 19.6 knots. 
On this trial, however, her blowers did not work well and developed 
only a small fraction of their designed power. The vessel was, in all 
probability, accepted without an additional forced-draft trial, by i*eason 
of the excellent natural-draft speed developed. 

The complement of the Rio de la Plata consists of 214 men. 

Each engine room will be also in communication with the bridge 
and conning tower by means of the usual engine-room repeating 
telegraph. 



*« 
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The following boats will be carried: One steam lifeboat, 4 cutters, 
2 gigs, 2 dinghys, and 2 punts for side cleaning. 

Two weeks after this cruiser was laid down she was in frame up to 
the protective deck. The construction of this deck was pushed as 
rapidly as possible, considering the number of plates, which amounted 
to 118. From the protective deck to the upper deck the work pro- 
ceeded rather slowly, due to the delay on the part of the contractors 
that were to supply the material. Without this delay it is probable 
that the ship would have been launched in eight months. 

The principal part of the material used was supplied in Spain — the 
steel from the works of Altos Hornos y L. Felguera; the stem piece, 
stem piece, and mdder post from the Deusto Steel Works; the nickel 
armor from Vickers, the main engines from La Maquinista Terrestre 
y Maritima, the boilers from Vickers. The auxiliary motors and the 
anchor gear (the first engines of this class made in Spain), as well as 
the remaining machinery, were designed and built in the works of La 
Constructora Navale Espanola. 

EL KXTBEHADURA. 

£11 Extremadura^ the gift of Spanish citizens living in Mexico, was 
laid down February 22, 1899, and launched at Cadiz April 19, 1900. 
She is a protected cruiser of 2,030 tons displacement, constructed 
according to the latest models of vessels of the class. The hull is all 
of Siemens-Martens steel, with cellulose double bottom, and divided 
by bulkheads into 62 water-tight compartments. 

Her dimensions are as follows: Length, 292.6 feet; beam, maximum, 
36.09 feet; mean draught, 14.10 feet. 

The most important defensive features are: A complete protective 
deck, made in two layers, each of 0.98-inch thickness. The bottom 
layer is of Siemens-Marten steel; the other, in the vicinity of the 
engines, of nickel steel. The conning tower and principal tube for 
voice tubes and interior communications are of nickel steel, 1.18 inches 
thick, and all the ammunition hoists for the main battery guns are 
protected by annor of special steel. The engines and main boilers are 
also protected by coal bunkers above and below the protective deck. 

The armament consists of four 14-centimeter (5.61-inch) Hontoria 
B. F., with Canet carriages, placed in sponsons on the sides, to obtain 
maximum arc of fire ahead, abeam, and aft; four 10.6-centimeter 
(4.13-inch) Krupp amidships; four 47-millimeter Krupp forward and 
aft; two 37-millimeter Maxim-Nordenfeldt automatic guns on the 
bridges. All anununition for the main battery will be hoisted by 
electricity. 

Engmes. — ^There are two vertical triple-expansion engines, with 
three cylinders each, capable of developing a combined I. H. P. of 
7,000, with a maximum speed of 20 knots. 
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Boilers. — ^There are eight multitubular boilers of the Thorny croft 
type, to work at a pressure of 298.2 pounds per square inch, having a 
total heating surface of 17,506 square feet. 

The capacity of the coal bunkers is sufficient for a radius of 6,000 
miles. 

Auxiliary machinery. — Besides the main engines, there are the fol- 
lowing auxiliaries: Two centrifugal pumps, 4 Weirl pumps for sup- 
plying fresh water to the boilers, 2 duplex pumps for auxiliary fresh- 
water supply, 2 evaporators and 1 distiller, with necessary pumps; 2 
reversing engines, 8 ventilators for forced draft, 4 ash hoists, 4 duplex 
pumps as bilge pumps for fire mains, 2 Downton pumps, 1 pump for 
drinking water, 2 electric motors for anmiunition hoists, and 1 steam 
capstan. 

The rudder will be turned by screw gearing, controlled by two 
cylinders with reversible valve, and manipulated from the bridge or 
conning tower. 

Anchors worked by a vertical 2-cylinder engine, with necessary 
connections for its control from the forecastle or the compartment in 
which it is placed. 

The compartments below the protective deck will be ventilated arti- 
ficially by electric motors placed in bow and stern. 

There are 136 electric lamps of 10 to 16 candle power, 2 search 
lights of 23.6 inches diameter, located on the bridge. The electric 
power supplied by 2 multipolar dynamos, Desrossier system. 

The engines, magazines, dynamo room, and battery are in direct 
communication with the bridge and conning tower by means of voice 
tubes placed below the protective deck. 

MINOR POWERS. 
Some Second-Class Battleships. 

While the first-class naval powers are pushing ahead with the con- 
struction of large battleships that attain a tonnage in some cases of 
over 15,000 tons, certain of the minor powers are developing a very 
interesting class of their own. These battleships of the second class 
are so similar in the several countries and possess such strong qualities 
of offense, defense, speed, and endurance that some descriptions, 
together with comparisons, are of value. 



76 



SWEDEN. 



Name. 



Svea 

Gota 

Thulc 

Oden 

Thor 

Niort 

Diistigheten.... 



3 



Ftet. 
248 

258 

261 

278 

278 

278 
285 

287 



PQ 



Fui, 
48.6 

48 

48 

48 

48 

48 
49 

49 






Feet. 
17 

16.7 

17 

17 

17 

17 
16 

16 






3,100 

3,200 

3,300 

8,600 

3,500 

3,600 
3,500 

3,600 



I 

CO 



KnoU. 
14.7 

16 

16.2 

16.5 

16.5 

16.5 



16.5 



P4 



3,650 
4,750 
4,740 
5,330 
5,860 
5,350 



Armament. 



Two 9.8-Inch; four 4.7-inch; six 

57 mm.; eight machine. 
Two 9.8-inch; six 5.9-inch; Ave 

57-mm.; eight machine. 
Two 9.8-inch; four 5.9-inch; 

five 67-mm.; eight machine. 
Two 9.8-inch; four 4.7-inch; 

ten 57-mm.; four machine. 
Two 9.8-inch; six 5.9-inch; ten 

57-mm.; four machine. 

do 

Two 8.2-inch; six 5.9-inch; ten 

57-mm.; four maehine. 
Two 8.2-inch; six 5.9-inch 



I 



a 



1886 

1889 

1892 

1896 

1896 

1898 
Bldg. 

Bldg. 



NORWAY. 



Har&Id Haarfagrc 

Tordensk joid 

Norge 

Eidsvold 

Bvertsen 

Kortenaer 

PietHein 

Koningin-Rc- 
gentes. 



280 

280 
290 



290 



48 

48 
50 



50 



17 

17 
16 



16 



3,408 

3,403 
3,850 



3,850 



16 

16 
16.5 



16.5 



4,500 

4,600 
4,500 



4,500 



Two 8.2-Inch; six 4.7-inch; six 
12-poundcr; six 1.5-pounder. 

do 

Two 8.2-Inch; six 5.9-inch; 
eight 12-pOunder; six 3- 
pounder. 

do 



1897 

1897 
1900 



Bldg. 



HOLLAND. 



283 


47 


17 


3,520 


16 


4,785 


288 


47 


17 


3,520 


16 


4,735 


283 


47 


17 


3,520 


16 


4,736 


317 


60 


19 


4,950 


16 


6,000 



Three 8.27-lnch; two 5.9-inch; 
six 2.95-Inch; eight 1.46-inch. 

do 

do 

Two 9.45-inch; four 5.91-inch; 
eight 2.95-inch; four37-mm. 



1894 

1894 

1894 

Bldg. 



DENMARK. 



Herlnf Trolle 



272 



49 



16 



3,470 



15 



4,200 



Two 9.45-inch; four 5.91-Inch; 
eight 37-mm.; two Maxims. 



1899 



BRAZIL. 



Mareflciallo Deo- 
doro. 

Maresciallo Flori- 


267 
267 


4.7 
47 


13 
13 


3,162 
3,162 


14 
14 


3,400 
3,400 


Two 9.4-inch; four 4.7-Inch; 
four 57-nmi.; two 37-mm.; 
two 25-mm. ; two 6-inch how- 
itzers; two 75-mm. field guns; 
two machine guns in tops. 

do 


1898 
1899 


ano. 
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SWEDEN. 

8TEA, GOTA. 
DB8CBIFTIVB AND BXPLANATOBY RmfARyfl. 



Built by the Motala Engine Company, Stockholm. The two vessels 
are of the same type, but differ somewhat in dimensions. Information 
received in 1899 states that it is proposed to extensively reconstruct 
the Svea^ Oota^ and Thvle^ and in the following order: Svea^ May, 
1900; Gota, in the winter of 1900-1; Thvle, 1901-2— the two latter 
ships on somewhat diflferent plans from the Sma, 

The Svea was launched in 1886 and the Gota September 30, 1889. 

These two ships are built of steel, with ram bows, two short, thick, 
heavy funnels, elliptical in section, placed very close together in the 
fore-and-aft line. A single mast with a heavy military top, above 
which extends a light signal topmast. Extending aft from the mast to 
the stern is the superstructure in which are mounted all the guns 
smaller than the 9.8-inch turret guns. Inunediately forward of the 
mast is the conning tower, above which is the navigating bridge and 
the sea pilot house. Forward of the conning tower is the turi-et con- 
taining the two 9.8-inch guns. From the turret the forward deck 
slopes down to the stem. Seen from outside, however, it presents the 
appearance of a straight line, on account of a hinged rail which lets 
down on clearing ship for action. It is repoi'ted that this arrangement 
has proven unsatisfactory in a sea way, in shipping water when the 
rail is up and of smashing the rail when hanging down, there being no 
way of securing them properly when the ship is cleared for action. 

The anchors come into recessed hawse pipes, which do away with 
anchor davits, etc. 

The steering gear is alike on the Sma^ Gota^ and ThuLe^ and is 
arranged as follows: It consists of a yoke on the rudder post outside 
of the ship under water and worked by pistons operated by hydraulic 
power or steam. The yoke is not large, so that the power must be 
considerable. The pistons are not operated directly by a cj^inder, as 
that would lead to irregular application of power, especially in a sea 
way. The pistons are controlled by collars or sleeves in which work 
endless screws. The cylinders opemte gearing which turn the screws. 
This steadies the motion of the iiidder in a sea way. It is claimed for 
the system that it gives great protection to the steering gear. 

It may be said that this class of ships has not proved the success as 
seagoing vessels that was anticipated. The Gota in her return voyage 
from England experienced great trouble with her steering gear, which 
is open to the objection that any floating timber lodging between the 
yoke and the stern would jam!) the whole mechanism. To this defect 
may be added the anchor stowage, the low search-light platforms, the 
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forecastle rail — ^all of which combine to make the ship a poor sea boat. 
These defects ai'c, however, not vital. 

The changes to be made in these vessels are mainly in the battery, 
and further protection to the above-water torpedo tubes. The amount 
to be expended on the Svea^ Gota^ and Thule is about $1,376,000. 

The complement of the Svea is 197, including 9 officers; that of the 
Gota 175. 

DIMENSIONS AND COST. 

Svea. — Length, 248.3 feet; beam, 48.56 feet; draught, 17.06 feet; 
dii^placement, 8,100 tons. 

Gota. — Length, 258.5 feet; beam, 47.9 feet; draught, 16.73 feet; 
displacement, 3,200 tons. 

Cost of each, $800,000. 

^ ARMAMENT. 

The original armament was as follows: 

Svea. — ^Two 25-centimeter (9.8-inch), four 12-centimeter (4.7-inch), 
six 57-millimeter, eight machine guns. One fixed undei*water torpedo 
tube. 

Gota. — Two 25-centimeter (9.8-inch), six 16-centimeter (5.91-inch), 
five 57-millimeter, eight machine guns. One fixed underwater, two 
training abovewater torpedo tubes. 



Turning circle: 



TACTICAL DATA. 



Name of vesBel. 



Svea. 



Goat. 



Speed. 


Time. 


KnoU. 


6 


7 50 


8 


7 50 


10 


5 48 


8 


7 87 


10 


6 43 



Diameter. 

FBeL 
1,246 
1,27» 
1,845 
1,888 
1,887 



PROTECTION. 



Hull protection: Water-line belt of 12 inches Creusot steel, dimin- 
ishing to 6.5 inches at the ends. 

Protective deck: 1.6 inches thick. 

Turret: 9.61 inches thick in front, tapering to 7.97 inches in rear. 
Conning tower 8.79 inches thick. 



MOTIVE FOWES. 



Engines: Horizontal compound, direct acting. 

Diameter of cylinders: 

Small, Oota 41.75 inches, Svea 44.75 inches. 
Large, Gota 73.25 inches, Soea 77.75 inches. 
Stroke, OoUi 33.25 inches, Svea 31.19. 
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Boilers: Six of the admiralty type, made by the Motala Engine Com- 
pany. Shell and furnaces made of iron. 

Working pressure, Svea 75 pounds, Gota 90 pounds. 

Total grate surface, Svea 381 square feet, Gota 327 square feet 

Heating surface, Svea 10,115 square feet, Qota 10,146 square feet 

I. H. P., forced draft, Svea 3,540, Gota 5,040. 

I. H. P., natural draft, Svea 3,113, Gota 3,172. 

Screws: Two 4-bladed, made of cast iron. 
Coal capacity: Total, Svea 220 tons; Gota 245 tons. 
Endurance: 1800 miles at 12 knots. 

At her trials the Svea with forced draft made 14.67 knots, and with 
natural draft 14.25 knots. 

THOB, NIOBD. 

DBBCRIPnVB AND EXPLANATORY REMARKS. 

Battleships of the Oden type. Both ships were to be ready for 
service by the end of 1898, Thor to be fitted for flagship, and Niord 
to be fitted so as to be converted into flagship when required. The 
9.8-inch gun on the Thor to be Canet; those on the Nlord to be made 
at Bofor's works, in Sweden. 

The Tlwr was built by the Bergsund Engine Company, Stockholm; 
keel laid October 26, 1896; launched March 7, 1898. The Thor was 
built wholly at these works, excepting the screws which were built at 
Finnboda. 

The Niord was built by the Lindholmens Works, Gothenburg; her 
machinery at Motala, and her screws at Gothenburg; launched March 
30, 1898. 

Material of hull, steel; ram bow; two elliptical funnels, placed very 
close together; two masts, with two yards forward and one aft. 

Dimensions. — Length, 278.2 feet; extreme breadth of beam, 48.56 
feet; draught, 17.38 feet; displacement, 3,500 tons. Speed, 16.5 knots. 
I. H. P., 5,350. 

ARMAMENT. 

Two 25-centimeter (9.84-inch), one forward, one aft; arc of fire, 272 
degrees. 

Six 12-centimeter (4.7-inch); arc of fire, middle gun 136 degrees, 
corner gun 115 degrees. 

Ten 57-millimeter guns. 

Four machine guns. 

One underwater torpedo tube in the bow. 

The 57-millimeter R. F. guns are distributed as follows: Two on 
the forward bridge, two on the after bridge, four at the forward end 
of the superstructure deck, two at the after end of the same. Two 
8-millimeter machine guns in the tops, and two 25-millimeter double- 
barrel machine guns in the pinnaces. 
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TACTICAL DATA. 



Turning circle: 



Name of vessel. 


Speed. 


Time. 


Diameter. 


Thor... 


KnoU. 

6 

8 

10 

12 


tn. 8. 
9 60 
7 48 
6 6 
5 16 


F^eL 
1,218 
1,312 
1,845 
1,878 





PROTECTION. 



Hull protection: Partial steel belt of 12-inch harveyized steel. It 
is reported that the double bottoms of the TTior are designed with the 
idea of making her proof against an ordinary torpedo. These double 
bottoms are 5 feet in depth and extend all the way up to the protective 
deck. They are divided into compartments about 8 by 10 feet, and 
each compartment is water-tight and can only be entered by its own 
manhole plate. The boilers have around them coal bunkers 5 feet 
thick. 

Protective deck: Two inches thick. 

Turrets: Eight inches harveyized steel. 

Casemates: Four inches; not harveyized. The casemate is made 
with the sides sloping inboard, so as to increase the arc of fire of the 
middle 12-centimeter gun. The length of the casemate is 154 feet, 
and inside there is a splinter bulkhead to protect in all directions 
against splmters. 



MOTIYE POWEB. 



Engines: Of Thor^ built by the Bergsund Works; those of JViord, 
by the Motala Engine Works. 

Boilers: Six cylindrical single-ended boilers. 

Electrical power is employed to an even greater extent on these 
ships than on the Oden. Besides the revolving turrets, each of the 
four ammunition hoists and two ventilator fans — one for the torpedo 
room and one for the dynamo room — are driven by electricity. There 
are in all 13 motors on board these ships (7 on board the Oden), 

Screws, two; coal capacity, 300 tons; endurance, 2,000 miles. 

THULE, ODEN. 

DESCRIFTIVE AND BXPLANATORY RBMABES. 

Coast-defense vessels, improvement on the Gota and Svea. Thvle 
built at Finnboda, Sweden, the plates being made in 1891 at Bergsund 
and then sent to Finnboda; launched in 1893. Oden built at Stockholm; 
launched March 9, 1896. 

Material of hull, steel; ram bow; two funnels, placed very close 
together; two masts, the forward one military, the after one light. 
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Dimensions of Oden same as of TJwr and Niord; of Thule as fol- 
lows: Length, 260.8 feet; extreme breadth of beam, 47.9 feet; draught, 
16,73 feet; displacement, 3,300 tons. 



A.RMAMENT. 



Thule. — ^Two 26-centimeter (9.8-inch), four 15-centimeter (5.91-inch) 
R. F., five 57-millimeter, eight machine guns. Two above- water tor- 
pedo tubes, training, for 17.75-inch torpedoes. 

Oden. — ^Two 25-centimeter (9.8-inch), four 12-centimeter (4. 7-inch), 
ten 57-millimeter, four machine guns. One fixed under- water tube for 
17.75-inch torpedo. 



Turning circle: 


TACTICAL DATA. 








Name of yesBcl. 


Speed. 


Time. 

M. S. 
6 66 
8 12 
6 12 
4 14 


Diameter. 


Thule 


Knots. 

8 to 10 

6 

8 

10 


IbeL 
1,674 
1,609 
1,574 


Oden 




1,640 




PROTKCTION. 









Hull protection: Complete water-line belt of Creusot steel, the 
thickness on the Thttle varying between 9.61 inches and 6.49 inches. 
On the Oden the thickness is 7.97 inches. 

The space between the outer armor and the inner side of the vessel 
is divided into cells, 50 on a side and 86 in the bottom, the ship being 
also divided into water-tight compartments. 

Protective deck: There is a complete protective deck 1.6 inches thick. 

The turret on Tkide is 9.61 inches in front and 6.49 inches in rear. 
On the Oden the thickness is 8.2 inches to 6.56 inches. CJonning tower 
on Thule^ 8.79 inches; on the Odeti^ 8.1 inches. 

The heavy armor for the belt and turret of the Tkide was supplied 
by Creusot; the other plates are Swedish make, from Domnarfolt. 

The turrets for the heavy guns are turned by electric power. The 
ammunition hoists for these turrets are also actuated by electricity, 
while the ammunition hoists for the R. F. guns are driven by hydro- 
pneumatic power. The capstans and air-compressing pumps are like- 
wise electric. 



MOrrVK POWER. 



Engines: Thvle^ two compound; total I. H. P., 3,200. Oden^ two 
triple-expansion, each actuating its own propeller. Diameter of cyl- 
inders as follows: High pressure, 31.14 inches; intermediate, 47.2 
inches; low, 75.5 inches; stroke, 27.27 inches; cooling surface of each 
condenser, 3,036 square feet. The power developed by both engines 
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under forced draft and with maximum speed is calculated to be 
5,000 I. H. P. 

Boilers u Six cylindrical, constructed for a pressure of 153 pounds 
per square inch, with a total heating surface of 9,817 square feet and 
a grate surface of 305.7 square feet. Besides the propelling engines 
there are on board the Oden 42 auxiliary engines, namely, 27 steam 
engines, 4 dynamos, 6 electric motors, 1 air-compressing pump, 2 
hydropneumatic hoists, and 2 hydraulic pumps. 

Two screws. 

Trials of Oden, were held at Stockholm May 25, 1897. Draught was 
shown to be 15 feet forward and 16.3 feet aft. In a trial trip of four 
hours and five minutes duration, under full steam, with natuml 
draft, the engines developed 3,887.67 I. H. P. and a speed of 15.54 
knots; steam pressUre, 145 pounds; average revolutions, 109.8 per 
minute. Coal consumption, 1.63 pounds per hour per horsepower. 

Trial trip of one hour and thirty -two minutes duration, under forced 
draft, 16.57 knots; 5,334 I. H. P.; steam pressure, 145 pounds; revo- 
lutions, 122.25 per minute. Coal consumption, 2.57 pounds per hour 
per I. H. P. 

At the conclusion of the Oden^s summer cruise, namely, September 
26, 1897, she maintained, under forced dmft, an average speed of 16.41 
knots for two hours and twenty-eight minutes; the last forty minutes 
an average speed of 16.82 knots. 

DBISTIGHETEN. 

DESCRIPTIVE AND EXPLANATORY REMAKK8. 

An improved Thor^ replacing the 10-inch guns of the latter by 
8-inch and the 4.7-inch guns by 6-inch guns, all being Swedish guns 
made at Bofors. All armor also supplied by Bofors. 

In order to decrease the rolling motion, the after part of the ship 
is to be considerably shoi'tened, and bilge keels fitted. 

The Dristigheten was laid down at the Lindholm Works, Gothen- 
burg, in 1898. Material of hull, steel; ram bow; 2 funnels; 2 masts 
without military tops; 2 yards forward, 1 aft. 

Dimensums. — Length, 285.5 feet; beam, 49.25 feet; draught, 16 feet 
(mean); displacement, 3,500 tons. 

L H. P., 5,000; speed, 16 knots. 

ARMAMENT. 

Two 21 -centimeter (8.2-inch) guns, one forward and one aft in tur- 
rets; six 15-centimeter (5.91-inch) R. F., in a central battery amid- 
ships; ten 57-millimeter (2.2-inch) R. F.; 4 machine guns. 

Two under-water torpedo tubes in broadside, for 45-centimeter 
(17.75-inch) torpedoes, said to be of the latest Elswick pattern. 

2597— No. XIX 6 
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The arrangements for conveying the ammunition to the heavy guns 
have been improved, inasmuch as the turret hoists carrying the ammu- 
nition from the magazines to the guns are equipped with two cars, 
one of which goes up while the other goes down. A consideitible gain 
in time is thereby effected, which may be utilized toward increasing 
the rapidity of fire. 

PBOTECTION. 

Hull protection: Partial water-line belt of nickel steel 8 inches 
thick, with 5.91-inch teak backing. From the orlop deck the ventilat- 
ing trunks have disappeared and the vessel is equipped forward and 
aft with side ventilators. 

Complete protective deck, 2 inches thick. 

Turret armor 8 inches thick in front, tapering to 6 inches in rear. 
Casemates for the secondary battery are all 5-inch steel. Conning 
tower, 8 inches. The turrets have vertical friction rollers. 

MOTIYE POWBR. 

Engines: Owing to the increased pressure carried it has teen pos- 
sible to reduce the size of the engine cylinders, which are as follows. 
High pressure, 28.51 inches; intermediate, 44.6 inches; low, 69.1 
inches; total weight of propelling machinery, including water, is by 
requirement not to exceed 450 tons. 

Boilers: Twelve Yarrow type, being built by the Motala Engine 
Works. The steam pressure is to be 209 pounds per square inch, 
while the older ships have 6 cylindrical boilers, with 153 pounds per 
square inch. The total heating surface is 14,210 square feet, the grate 
surface being 452 square feet. 

Screws: Two. 

Total coal capacity: 300 tons, against 282 in the Oden, 

DESCRIPTIVE AND EXPLANATORY REMARKS. 

Battleships of the second class, contracts signed October, 1899. All 
three ships to be ready for launching eighteen months after the sign- 
ing of the contract; "A" and ''B" to be delivered in twenty -six and 
"C" in twenty-four months. "A" building at the Kockum works at 
Malmo, ''B" at the Bergsund works at Stockholm, and "C" at the 
Motala-Lindholm works at Gotaborg. 

Material of hull, steel; ram bow; two funnels; two masts with sig- 
nal yards on each; no jSghting tops. Speed, 16.5 knots at natural 
draft. Cost of construction: "A," 1717,972; ^'B," $723,064; ^'C," 
$618,816. Total cost: "A," $1,206,000; "B," $1,206,000; "C," 
$1,206,000. 

Armmnent. — ^Two 8.27-inch; six 5.91-inch R. F.; ten 57-millimeter 
R. F. ; two 37-millimeter R. F. Two submerged torpedo tubes. 

Four 35.4-inch searchlights. 




? 
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PBOTBCTION. 



Hull protection: There is an annored citadel 165 feet long, the 
aiinor on which is 176 millimeters (6.89 inches) thick. All aimor is 
of the Krupp process. 

Complete protective deck, 1.89 inches thick. 

Turrets, 7.87 inches thick; casemates, 5.65 inches; conning tower, 
7.87 inches. 



MOnVB POWEB. 



Engines: Two engines in separate compartments. Medium steam 
pressure, 14.7 kilograms per square centimeter (209 pounds per square 
inch); 5,500 I. H. P. Speed of 16.5 knots to be obtained with natural 
draft, as stated above, in which case the coal consumption is not to 
exceed 0.85 kilogram (1.87 pounds) per hour per I. H. P. Total weight 
of machinery for propelling ship, including screws, shafts, boilers, 
pumps, etc., is not to exceed 947,978 pounds. 

Boilers: Eight Yarrow type. Total heating surface, 15,610 square 
feet; grate surface, 376.8 square feet. 

Steam steering gear. Balance rudder, adapted to be operated from 
the bridge, from the annored conning tower, and also from a station 
below the latter. Under full steam, the time required for putting the 
rudder from hard astarboard to hard aport, and vice versa, is not to 
exceed twenty seconds. Hand steering gear is also provided. 

Electric installation: Three generators, one of 200 amperes for 
interior lighting (281 incandescent lights), one of 400 amperes for 
searchlights (four of 35.4-inches; contracts provide for same installa- 
tion as on older battleships, subject to change), and one of 500 amperes 
for motors. 

NORWAY. 

HABALD UAABFAGRE, TOBDENKKJOLD. 

DESCRIPTIVE AND EXPLANATORY liEMARKB. 

Coast-defense battleships. Striking resemblance to Lihertad and 
Indepefndencia of the Argentine navy, and predominant idea seems to 
have been a miniature edition of Royal Sovereign or Barfieur^ in the 
English navy. Ships painted black, with yellow funnels and gun 
shields. Fighting tops and upper works white. 

Harold Haarfagre launched January 4, 1897, Tordensk^old March 
18, 1897; both built by Armstrong Company, Elswick; keels laid down 
in 1896. 

Material of hull; steel, sheathed and coppered; ram bow; one funnel; 
two military masts, two tops on each (one for searchlight); six boats 
carried, two of which are wooden vedette boats. 
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DIMENSIONS. 



Length between perpendiculars, 280 feet; on load water line, 274 
feet 6 inches; extreme breadth of beam, 48 feet 6 inches; mean draught, 
17 feet 6 inches; displacement, 3,403 tons. 

Cost (estimated), about $925,000. 

I. H. P. (natural draft), 3,700; speed (corresponding), 15 knots; esti- 
mated I. H. P., 4,500; speed, 16 knots with forced draft. 



ABMAMENT. 



Two 8.27-inch guns installed in separate armored turrets in barbettes 
forward and aft. Their arc of fire is about 270 degrees. 

Six 4.7-inch R. F. guns installed on the upper deck between the two 
turrets, three on each side, protected by shields. Two of these fire 
ahead, two astern, and all abeam. 

Six 76-millimeter (12-pounder) R. F. guns, two on the forward bridge, 
two on the after bridge, and two immediately forward of the after 
4.7-inch guns. 

Six 37-millimeter R. F. guns, two immediately aft of the forward 
4.7-inch guns, and two in each lower military top. 

Two 18-inch submerged toipedo tubes, one on each broadside. 
They are at right angles to the ship's longitudinal axis, and can not be 
turned. 

Three searchlights, one in the upper top aft and two on the forward 
bridge. 

PROTECTION. 

Hull: Belt for about 170 feet of the length of the ship, Harveyized 
steel; maximum thickness 7 inches, minimum 4 inches; width, 6 feet 
6 inches; terminated at the barbettes fore and aft by bulkheads of 
same thickness. Coal bunkers, part below, part above, protective deck. 

Protective deck: Sloping deck of 2-inch steel from end to end. 

Barbettes fore and aft, on upper deck, 6-inch steel, extending down 
to protective deck. Armored ammunition hoists. Conning tower of 
6-inch armor plate. Shields for the 4.7-inch guns are curved and 3.74 
inches thick. Revolving turrets for the 8.27-inch guns have 8 inches 
of armor in front and 5 inches at the sides and rear. 

MOTIVE POWER. 

Eijgines: Two sets triple expansion. Diameter of high-pressure cyl- 
inder, 23.98 inches; intermediate, 35.51 inches; low, 53.9 inches; stroke, 
17.99 inches. 

Boilers: One single-ended and two double-ended, having a common 
smokestack. 

Twin screws. 

Coal capacity at load water line, 200 tons; total capacity, 400 tons, 
250 of which lies above protective deck. 
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TBIAL TBIF8. 



The official trial ta-ips of the Harold Haarfagre took place in June, 
1897. The contract provided that the engines, with a steam pressure 
of 10.9 kilograms per square centimeter (154.78 pounds per square 
inch) and 160 revolutions per minute, were to develop at least 4,600 
I. H. P. and give the ship a speed of at least 16 knots. It appears that 
at the trial trip referred to (of six hours' duration) the engines devel- 
oped an average of 4,600 I. H. P. with natural draft, giving the ship, 
loaded to 3,500 tons, an average speed of 17.15 knots. It may seem 
remarkable that such high results were attained with natural draft 
only, but in all probability Armstrong in this case adopted ^the same 
principle which, in accordance with official regulations, prevails in the 
English navy, where natural draft for ships of the size of the one in 
question means half an inch air pressure. At the trials of the Oden 
the forced draft varied between 5 and 12 centimeters; that is to say, it 
was less than half an inch. 

NOBGE, EID8T0LD. 

DESCRIPTIVE AND EXPLANATORY REMARKS. 

Coast-defense battleships, closely resembling Harold Haarfagre^ but 
somewhat heavier. Building by the Armstrong Company at Elswick. 
Norge launched March 31, 1900. Eidsvold launched June 14, 1900. 
Material of hull, steel; ram bow. 

Dirriensions. — Length, 290 feet; extreme breadth of beam, 50 feet 
6 inches; draught, 16 feet 6 inches; displacement, 3,850 tons. 

Guaranteed speed, 16.5 knots with 4,500 1. H. P. 

ARMAHSNT. 

Two 8.27-inch guns, forward and aft, in revolving turret shields. 
Caliber, 44. Arc of fire, 270 degrees. 

Six 5.9-inch R. F. 46-caliber guns, not adapted for use of cartridge 
cases. Four of these are in casemates, two f or^vard and two aft, giving 
them a train from right ahead and astern to 30 degrees aft and forward 
of the beam, respectively, and two between these behind armored 
shields train from 60 degrees forward of to 60 degrees abaft the beam. 

Eight 12-pounders, caliber 40, installed two in each broadside 
between the 5.9-inch guns and the remaining four over the casemates. 

Six 3-pounders, two placed in each of the fighting tops and the 
remaining two on the forward bridge. 

Two 18-inch submerged torpedo tubes. 

PBOTECTION. 

Hull protection: Harveyized belt, 6 inches thick, 6 feet 6 inches 
wide, extending along citadel and connected forward and aft by ver- 
tical bulkheads of same thickness. 
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The use of wood is to be avoided wherever possible. 

Thickness of protective deck, 2 inches. 

Barbettes of nickel steel 6 inches thick. 

Casemates, four in number, 5 inches thick. 

Conning tower, 6 inches. 

Turrets — front, 8.86 inches; sides and rear, 5 inches. 

Shields of two other 6.9-inch guns, 6 inches thick. 

(A Norwegian magazine article states that the whole armor is made 
of ordinary nickel steel, with the exception of the citadel armor, which 
is of the Krupp type.) 

Moti/ve pmoer. — Engines: Two vertical triple-expansion. Boilers: 
Yarrow. Screws: Two. 

Coal capacity at load water line, 250 tons; total capacit}'^, 400 tons. 

HOLLAND. 

EVEBTSEN, KORTENAEB, PIET HEIN. 

DESCRIPTIVE AND EXPLANATORY REMARKS. 

These coast-defense ironclads were laid down in 1893, the Evertsen 
at Flushing, the Korteruui' at Amsterdam, and the Piet Ildn at Fije- 
noord; the first was launched September 30, 1894, the second October 
27, and the third August 16 of the same year. 

They are built of steel, not sheathed; ram bow, very blunt; one fun- 
nel each; two military masts, one oval top on each; have a complement 
of 267; can carry about ten to thirteen weeks' provisions and water 
for fourteen days. 

The vessels are intended, should occasion arise, to operate in the 
East Indies, and the greatest draught that can enter Surabaya, the 
chief Dutch repair arsenal in the Indies, is 18 feet. This light draught 
entails great breadth of beam to insure the proper carrying capacity. 
Secondly, they are built very full forward and comparatively fine aft, 
so that the draught is nearly the same forward and aft; and this is 
because in the home waters they are intended to fight bows on, and the 
fullness forward was necessary to support the weight of the two heavy 
bow guns and their protection. Finally, after sacrificing the ship's 
speed to the conditions imposed, there is very little carrying capacity, 
and it is said, to be doubtful if they ever leave Holland. 

The vessels might, with advantage, have a fuller under-water after- 
body, which would have permitted better protection to the after-l)ody 
and at the same time have given a better angle to the propeller shafts. 
As it is the shafts meet a very little distiince forward of the turning 
center, and the ships' turning powers are very poor; and tactical power 
in the dangerous waters about the Helder is a necessity. 

The quarters for oflScers have good natural ventilation and plenty of 
light, but are very small. The crew space seems ample. Because the 
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vessels were intended for service in the tropics tne men's closets are 
all on the main deck; for the same reason they are built of wood 
instead of iron. When the question arose of the substitution of some 
less inflammable material than wood for interior fittings, these ships 
were well on toward completion, and it was not deemed advisable to 
make any alterations; consequently, the decks above the protective 
deck (also the platforms) are everywhere wood-sheathed; and the bulk- 
heads, cabin and mess-room furniture, the men's mess tables and chests, 
etc., are likewise wood. 

The boats carried are as follows: Sailing launch, rig, 2 split-lug 
sails; steam launch, carries no sail; two cutters, rig, 1 split lug; 2 
whaleboats, 1 of which is fitted inside throughout the length of the 
boat with air reservoirs, rig, 1 split lug; 1 dinghy, rig, 1 spritsail. 
These are the regulation rigs for boats of the respective classes. Com- 
manding oflScers sometimes cause their gigs to be fitted with sliding 
gunters, but this is contrary to regulation. These boats seem to be 
very substantially built; they are not fitted with torpedoes. 

jD^im^naions.—Ijength over all, 282 feet 9 inches; between perpen- 
diculars, 267 feet 8 inches; extreme breadth of beam, 46 feet 11 inches; 
maximum draught, 17 feet 2 inches; mean dmught, 16 feet 9 inches; 
displacement, 3,520 tons. 

Cost, $1,065,148; weight of hull, 1,490 tons; I. H. P., 4,735; maxi- 
mum speed, 16 knots. 

ABMAHENT. 

Three 8.27-inch (21-centimeter) Krupp 35-caliber guns. 
Two 5.91-inch (15-centimeter) Krupp R. F. 40-caliber guns. 
Six 2.95-inch (75-millimeter) guns. 
Eight 1.46-inch (37-millimeter) guns. 

Three torpedo tubes, above water on berth deck. Two in broadside 
train 46 degrees each side of beam; stern tube fixed. 

MAIN BATTEBY. 

Two of the 8.27-inch guns are placed in a pear-shaped barbette for- 
ward, protected by a hooded shield, and train through 280 degrees, 
and one aft trains through 240 degrees. The height of the trunnion 
axis of the two forward guns, measured from the water line, is 18.4 
feet; of the after gun, 16.4 feet. 

In both the forward and after barbette the turntable is supported 
on a ring of live steel balls and tmins around a central pivot. The 
after tui*ntable is trained by hand only; the forward one by hydraulic 
or hand power, at will. The hydraulic pumps are driven from the 
shaft of the capstan engine, located on the platform underneath the 
protective deck and just forward of the capstan spindle. The other 
operations at the gun, loading and elevating, are done by hand, 
although for purposes of drill there is a hydraulic hand pump at the 
side of the gun for ''pumping in " the carriage on the slide. Although 
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the guns can be elevated through 25 degrees they are never fired at 
anything beyond 13 degrees. 

Trials: Thirteen degrees was the maximum angle at which the bar- 
bette guns were tired on the official trial of the Kortenaer^ and the 
result of the round from the after gun was to bend the left-hand slide 
bracket — not perceptibly to the eye, but sufficiently to prevent the 
gun from being pumped in on the slide. These trials were made with 
full-weight charge and projectile, viz., charge, 119 pounds P. B. No. 
2; projectile, A. P. and common, 308.6 pounds. The initial velocity 
of both projectiles is 1,903 foot-seconds. The range tables for A. P. 
shell are computed to 3,281 yards only, at which range the remaining* 
velocity is 1,440 foot-seconds. For the common shell at the same 
range the remaining velocity is 1,424 foot-seconds. 

The two 5.91-inch guns, with shields, are placed one on each broad- 
side in sponsons, and train from right ahead through 180 degrees. 
These sponsons are at the height of the main deck, and elliptical in 
shape. During the battery trials these guns were fired directly ahead 
and directly astern with full-service charges of smokeless powder and 
112-pound projectile. When firing ahead the flying bridge is 
unshipped. The guns were also fired at an angle of elevation of 13 
degrees with full- weight charge and projectile. The performance of 
the gun and carriage was said to be in every way satisfactory. 

No night sights are fitted to any of the guns. 

Ammunition and hoists: It was originally designed that all ammu- 
nition should be hoisted by hand. This was later changed, and the after 
8.27-inch and the 5.91-inch supply are furnished by hydraulic power. 
The after 8.27-inch ammunition tube is very conveniently situated, but 
that for the 5.91-inch guns, just abaft the mainmast, is 40 to 50 feet 
away from the breech of the guns, and the cartridge has to be carried 
this distance over a deck wholly unprotected from the enemy's fire. 
The ammunition for the two forward barbette guns is hoisted by 
hand. 

SECONDARY BATTERY. 

Two of the 2.95-inch Krupp guns, on the bridge deck, can train 
from aft to about 45 degrees forward of the beam; two from ahead to 
about 45 degrees abaft the beam, although at the latter train it would 
seem that the discharge might interfere with the service of the 5.91- 
inch guns. The guns can be depressed to an angle of 10 degrees. 
The}^ use fixed ammunition, smokeless-powder charge, and common 
and A. P. shell of 12.9 pounds weight. 

The ammunition is supplied through the military masts. These are 
oval in section, and each is divided into two unequal parts by a vertical 
iron lattice-work partition. Through the smaller division thus made 
the 2.95-inch cartridges are hoisted b}'' means of a chain passing over 
two sprocket wheels, operated by a crank. The base of the cartridge 
rests on a bracket secured to the endless chain and is held secure by a 
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clamp spring. The brackets are spaced about one and one-half times 
the length of the cartridge apart. There is a hinged door on the mast 
just above the bridge deck, through which the charges are removed. 

The other division of the mast affords a passage for the 37-milli- 
meter ammunition, which is hoisted into the tops in boxes of l2 each 
by means of a single whip, worked by the men in the top. The supply 
for the 37-naillimeter guns on the bridge deck is removed through the 
same door that answers for the 75-millimeter (2.95-inch) guns. 

There are six of these 37-millimeter guns, two in each top and two 
in broadside on the bridge deck and nearly abreast the smoke pipe. 
They are R. F. guns, made of bronze, about 20 calibers in length, and 
manufactured in Amsterdam. They have no distinctive name or 
mark. The breech action resembles that of the Hotchkiss gun. The 
ammunition is the same as that supplied to the Hotchkiss 37-millimeter 
revolving cannon. 

These guns are all on pedestal mounts. The crews of those on the 
bridge deck are sheltered by a fixed shield 0.59 inch thick and about 
4.1 feet in height, and further by a shield that revolves with the gun 
and is about 0.18 inch thick. 

The military tops are of ordinary skin plate, 0.28 or 0.31 of an inch 
in thickness. 

Six 17.72-inch Whitehead topedoes are carried. The only store- 
room is located under the protective deck, just forward of the tiller 
room. There are no arrangements for planting ships' mines. The 
torpedo tubes are of bronze, fitted for both air and powder discharge. 
The oflScer in the forward conning tower can fire either broadside tor- 
pedo, or both at once, and the after torpedo may be fired from the 
after tower. There is no net defense against torpedo attack. 

Two Schuckert 21.62-inch searchlights, one on each conning tower. 
These admit of both train and elevation. The dynamos are located 
on the port side, below the protective deck, in a compartment between 
the engine-room bulkhead and the port after boiler. They are two in 
number, Siemens-Halske manufacture; output, 80 volts and 100 
amperes. 

The highest top is 41 feet above the load water line; the funnel, 
which rises about halfway up the topmast, about 65 feet. 



Turning circle: 



TACTICAL DATA. 



Helm. 



22° port 

22° starboard 

22° port 

22^* starboard 
35° starboard 



Revolu- 
tionfl. 


Time for 
180°. 




n. 8. 


150 


2 


150 


2 10 


91 


2 62 


91 


2 42 


190 


2 55 



Diameter. 

Yds. /I. 
679 1 
634 
GOl 1 
567 2 
(«) 



1 Starboard engine only. 



* Complete circle In 3 minutes 15 seconds. 
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PROTECTION. 



Hull protection: nickel-steel armor, 3.25 per cent steel. Belt 6.91 
inches thick for about 150 feet in central part, then 3.94 inches thick 
to ends of ship. This belt extends 3 feet 3 inches below and 2 feet 
above the load water line; it is backed with teak of about the same 
thickness. Above protective deck at angle of 45 degrees and on all 
sides of engine and boiler rooms is a glacis about 3 feet wide and 6 
inches thick. Cofferdams above protective deck at sides of engine- 
room space. Coal both sides of boilers as high up as berth deck; 
below protective deck the maximum thickness of this protection 
is about 7.5 feet. The ships are provided with water-tight bulkheads. 
Below the protective deck the water-tight bulkhead doors are oper- 
ated by means of a handwheel, bevels, pinion on a shaft, and racks on 
the laterally sliding door. The shaft is carried up through the pro- 
tective, orlop, and berth decks, whence each separate door can be 
closed by means of a hand lever. There is communication through 
these doors between the two engine rooms, between engine rooms and 
after boiler compartment, and between the two boiler compartments. 

Protective deck, 1.97 inches thick, extends entire length of ship, 
laid in two courses. 

The pear-shaped barbette inclosing the two forward 8.27-inch guns, 
their turntable, and the opening of the anununition hoist, has armor 
9.45 inches thick, backed with teak of about the same thickness. 

Conning towers: forward, 9.45-inch armor; after, 1.25-inch armor, 
backed with teak; top of former, 4 inches thick; lifts by means of 
screws, and there are no peepholes in the walls. Communication 
tube from conning tower to protective deck, with 8-inch armor. 

Ammunition tubes: two for 8.27-inch guns and one for 5.91-inch 
guns, with armor 4 inches thick. 

Shields: for 8.27-inch guns, 1.18 inches thick; for 5. 91-inch and 2. 95- 
inch guns, 0.47 inch thick. 
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Engines: Two vertical triple-expansion three-cylinder type; diam- 
eter of cylinders, 26.97, 40.03, 63.04 inches; stroke, 27.03 inches. 

Boilers: Four simple boilers placed in two compartments. One 
auxiliary boiler. Forced draft on Howden system, with air-heating 
tubes arranged horizontally and in two nests. 

Screws: Two. 

Coal capacity: At load water line, 277 tons;' total capacity, 330 tons. 
Endurance at 14.5 knots speed, 1,350 miles; at 9 knots, 2,800 miles. 



TRIAL TRIPS. 



With forced draft, October 24, 1895, the Kortmder held a four 
hours' trial; 149.35 revolutions; 1. H. P., 4,436; coal consumption. 
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1.72 pounds; speed, 15.78 knots; with 160.55 revolutions, coal con- 
sumption 1,716 pounds, 4,658 I. H. P. was attained; speed not taken. 
With natural draft, October 3, 1895, full power, four hours' duration, 
131.7 revolutions; I. H. P., 3,435; coal consumption, 1.65 pounds; 
speed, 14.44 knots. 

Pi^t Hein, in October 1895, with 133.27 revolutions, I. H. P. 2,787, 
coal consumption 1.83, natural draft, made a speed of 13.78 knots. 
October 24, 1895, in four hours, with 149.5 revolutions, I. H. P. 4,736, 
coal consumption 2.02 pounds, made a speed of 16.118 knots, forced 
draft. 

Everisen,^ natural draft, 114.9 revolutions, I. H. P., 1,886, coal con- 
sumption, 2.02, speed, 12.425 knots; forced draft, 153 revolutions, 
L H. P., 4,735, coal consumption, 2.64 pounds, speed, 15.85 knots. 

KONUfdlN BEOEDfTES. 

DBSCBIFnVB AND EXPLANATORY RBMABKB. 

A second-class battleship, an enlarged and improved Ei)ertsen^ to 
be built of steel, equipped with a ram, armor belt, protective deck, 
battle gratings above the engines and boilers, and armored conning 
towers. Building at the Government yard at Amsterdam. One very 
high funnel placed close abaft foremast; two masts without military 
tops. 

Dmierv&ions. — Length, 317 feet; beam, 50 feet; draught, 18 feet 10 
inches; displacement, 4,950 tons, with 650 tons of coal. 

Speed with 400 tons of coal on board, draught 18 feet, is to be 16 
knots. I. H. P. is to be 6,000. 

ARMAMENT. 

Two 24-centimeter (9.45-inch) R. F. guns in barbette turrets, with 
armor protection of 7.87, 5.12, 3.94, and 1.97 inches thickness, vary- 
ing from front to rear. 

Four 5.91-inch R.F., with nickel-steel shields 3.94, 1.97, and 0.98 
inches thick. 

Eight 2.95-inch R. F. guns, with nickel-steel shields 2.95, 1.98, and 
0.98 inches thick. 

Foui' 37-millimeter guns with steel shields. One above water bow 
torpedo tube, and two submerged broadside tubes. 

PROTECTION. 

The armor belt extends the whole length of the ship, and is 6.23 
feet high; with 650 tons of coal on board and full equipment, 4.26 
feet of the belt is below the water line. The thickness of the belt 
amidships for a space of 190.2 feet is 5.91 inches, tapering to 3.94 
inches. The thickness of the protective deck is 1.98 inches. 

The barbette turrets are 9.84 inches thick; the turret walls to the 
protective deck, 7.09 inches. 
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The battle gratings above the engine and boiler rooms are 27,56 
inches high and 5.91 inches thick. 

The ammunition hoists for the 5.91-inch and 2.954nch guns are 
protected by 3.94 inches of armor. 

All armor is to be Krupp face-hardened nickel steel. 

MOnVB POWER. 

Two vertical triple-expansion engines, with copper surface con- 
densers, the engines to be separated from each other by longitudinal 
bulkheads. The requirements are that the engines shall be able to 
develop for four consecutive hours 6,000 I. H. P., while the atmospheric 
pressure under the grates shall not exceed that exerted by a water 
column of 0.98-inch. 

Six Yarrow boilers, to be placed in two groups in two separate boDer 
rooms, with stokeholds fore and aft. The boilers are designed to have 
a working pressure of 250 pounds per square inch. 

VervtilaUon, — Besides the natural ventilation by means of air pipes, 
two fans (Sturtevant type) will be installed, with the necessary piping 
and automatically closing valves, for cooling the air above the protec- 
tive deck, and two fans for ventilating the lower part of the ship. 
The plans also provide for an ice machine, with the necessary piping, 
to maintain a low temperature in the ammunition rooms and also for 
the purpose of producing ice and cooling the drinking water. 

Electric: lighting. — The ship is to be lighted by electricity and to 
have two search lights. 

The conveying of the ammunition to the guns shall be effected by 
both electric and hydraulic power, and also by hand. 

Water-tight divisions. — The ship is divided into 340 water-tight com- 
partments, 170 of which are between the protective deck and 'tween- 
decLs, and 170 in the double bottom. Over the whole length of the 
double bottom — ^which extends from frame 20 to frame 118 — the com- 
partments are so arranged that they can receive salt water as Imllast, 
with the exception of the four central compartments between frames 
48 and 68, which are intended for boiler feed water. 

Wood^m. d^cks. — ^The orlop deck, main deck, and forecastle are 
covered with wood. In the 'tweendecks and upper dexjk under the 
forecastle the steel is not covered with wood. 

Auxiliary steering station. — In the forward shell room a water-tight 
space is provided as an auxiliary steering station and equipped with 
the necessary telegraphs, etc. 

Wall coveri/ng and wainscoting. — The wall covering, wainscoting, 
and as far as possible also the furniture above the protective deck are 
to be of steel. 
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DENMARK. 

HEBLVP TBOLLE, ''A". 

The second-class battleship Herlvf TroUe was laid down at the dock- 
yard at Copenhagen in 1896 and launched September 2, 1899. ''A," 
a second vessel of the same type, but of somewhat greater power and 
speed, is to be laid down. 

Material of hull, steel; complement, 250 men. 

Dimensions. — Length, 271.9 feet between perpendiculars; beam, 
49.5 feet, maximum at water line; draught, 15.97 feet, mean load, on 
an even keel; displacement, 3,470 tons. 

Speed, 15 knots; I. H. P., 4,200. 

ASMAKSNT. 

Two 9.45-inch R. F. guns in separate revolving turrets; four 5.91- 
inch R. F. guns installed separately in the angles of the casemate; 
eight 37 millimeter guns placed at different parts of the deck and on 
top of the casemate, protected only by the shields on the mounts: two 
8-millimeter Maxims. 

One fixed bow torpedo tube below the ram; two broadside training 
tubes, also below the water line. 

PBOTBCnON. 

The vertical side armor extends from aft forward over a length of 
261.4 feet, and is 7.02 feet wide and from 6.89 inches to 7.87 inches 
thick, extending 3.61 feet below the water line. Forward of this 
armor is a vertical bulkhead of 6.89 inches thickness. 

Double bottoms and numerous water-tight compartments. 

The protective deck, which extends over the whole length of the 
ship, is 3.44: feet above the water line and is 2.24 inches thick. On 
this deck are located the lower stationary parts of the two turrets, one 
forward and the other aft, and between them a casemate which does 
not extend to the ship's side. Forward of the forward turret is a 
forecastle. 

The armor of the barbettes is 6.89 inches thick; that of the revolv- 
ing turrets 6.89 inches in front and 5.91- inches in the rear. 

The casemate armor is 5.91 inches thick around the 5. 91 -inch guns, 
and 2.56 inches in other parts. 

The conning tower is placed above the casemate, and near its for- 
ward edge, and has 7.87 inches of armor with a 1.1-inch skin. 

The side armor, turret, and conning-tower armor are of chrome- 
nickel steel. 

Moti/ve power. — ^Two triple-expansion engines, to develop 4,200 I. 
H. P. and a speed of 15 knots. 
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BRAZIL. 

MABESCULLO DEODOBO, HABESCULLO FLOBUNO. 

DB8CRIPTIVE AND EXPLANATORY RSMABKS. 

Battleships for harbor defense. Objects sought in their construc- 
tion were to secure eflfective armament, protection, and coal capacity, 
while at the same time providing for such light draught that the vessels 
could ascend the large Bmzilian rivers. 

Both ships built by the Forges et Chantiers de La Seyne in France, 
the Maresclallo Deodoro being laid down in December, 1896, and 
launched June 18, 1898; the MaresdaUo Florimio laid down in March, 
1897, and launched in 1899. 

Material of hull, steel; ram bow; one funnel; two masts, each with 
one fighting top; complement, about 200; to carry forty-nine days' 
provisions and water for fifteen days; weight of hull, 1,027 tons; I. 
H. P., natural draft, 3,400; speed, 15 knots. 

Dinien^ioTis. — Length, 267 feet 6 inches; beam, 47 feet 3 inches; max- 
imum draught, 13 feet 2 inches; displacement, 3,162 tons. 

ARMAMENT. 

Two 9.4-inch B. L. Armstrong 40-caliber guns in closed turrets. 

Four 4.7-inch R. F. 50-caliber guns in casemates on main deck. 

Two 6-inch howitzers, B. L., at extremities of superstructure. 

Four 67-millimeter R. F. guns on superstructure above casemates. 

Two 37-millimeter R. F. guns on forward bridge. 

Two 25-millimeter machine guns on bulwarks of superstructure. 

Two 75-millimeter guns, with field carriages. 

Two machine guns in the fighting tops. 

All the above guns furnished by the Annstrong Company, Elswick. 

Two submerged tubes, slightly abaft forward turret, set at angle 
of 45 degrees forward of beam. Weight of torpedo outfit, furnished 
by Armstrong, 30.2 tons. 

Two search lights, one above pilot house and one on platform on the. 
after mast. 

The weight of the battery and ammunition, ordnance stores and 
accessories, and dynamos is 323 tons. The weight of the torpedo out- 
fit is 30.2 tons. 

The ammunition supply is as follows: 9.4-inch guns, 80 rounds 
each; 4.7-inch guns, 150 rounds each; 57-millimeter (6-pounder), 400 
rounds each; 37-millimeter, 500 rounds each; 25-millimeter, machine, 
500 rounds each; 6-inch mortars, 60 rounds each; 75-millimeter 
(12-pounder), 300 rounds each. 

Turrets and their ammunition hoists operated by electric machinery 
interchangeable with hand power. The electric machinery turns the 
turret through 250 degrees in sixty to seventy seconds. The turrets 
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are balanced, of the type installed in the Jaureguiherry, The ammu- 
nition hoist delivers its load at the side of the gun opposite that to 
which the breac^h is opened. . The hoist must raise the complete charge 
in forty seconds (about 0.2-meter per second) or the powder charge 
alone in twenty seconds. Provision is made for storing 20 projectiles 
in the turret. 

The hoists (electric) for the 4.7-inch R. F. guns are alternating in 
motion. Two cages, each carrying 3 rounds, are provided for each 
casemate; one rises as the other descends. 

The hoists for the mortars and small R. F. guns are all operated by 
hand power. 

The 9.4-inch guns are placed in two closed turrets forward and aft 
on the midship line, above the main deck. E^h trains through an 
arc of 250 degrees. 

The 4.7-inch guns are carried in four separate armored casemates 
situated on the main deck, two abaft the forward turret, and two for- 
ward of the after turret, on the sides of the ship, and train through 
110 degrees. Their shields are circular, masking the ports, and car- 
ried on the guns themselves. These guns are operated exclusively 
by hand. 

The 67-millimeter guns are carried at the corners of the superstruc- 
ture, resting on top of the casemate armor of the 4.7-inch guns below 
them. The ammunition is hoisted by means of a hand windlass, 6 or 
8 rounds being placed in a cage. 

Electric installation. — Four Sautter-Harl^ dvnamos, each of 400 
amperes and 80 volts, supply electricity for turret machinery, ammu- 
nition hoists, projectors, lamps, etc. Three dynamos are sufficient to 
do all this work, the fourth remaining in reserve. Any one machine 
is capable of supplying all the incandescent lamps and the ventila- 
tors outside of engine and fire rooms. The number of lamps pro- 
vided is: Two hundred of 10 candlepower, 4 of 50 candlepower, 7 of 
30 candlepower, and 2 projectors of 23.6 inches diameter. 

PROTBCJTION. 

Hull protection: belt, 5 feet 6 inches in depth amidships, the thick- 
ness varying from 13.78 to 5.91 inches, tapering to 7.09 inches forward 
and 5.91 inches aft; thickness at the lower edge amidships, 5.91 
inches, tapering to 3.94 inches at stem and stern. The belt is 2.3 
feet above and 3.28 feet below the water line. It is laid on a wood 
backing and fastened to 0.354-inch + 0.354-inch steel plating. Coflfer- 
dam above protective deck, 3.93 feet high, 3.28 feet wide. Main deck 
beneath superstructure has steel-plated bulkheads at each end. 

Protective deck: 1.38 inches thick, extends across vessel and joins 
upper edges of belt. All openings protected by coamings 3.94 inches 
thick. The deck is formd'd of two layers of mild steel, and its thick- 
ness diminishes at the ends of the ship to 0.98 inch. 
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The barbette amior, including that of the ammunition hoists, is 7.09 
inches in thickness, and the turrets for the 9.4-inch guns are protected 
by armor 7.87 inches thick. 

Casemates for the 4.7-inch guns 2.04 inches thick. Circular shields 
for same, masking ports, 2.83 inches thick. Ammunition passages for 
these guns have armor 1.97 inches thick. 

Conning tower, 3.94 inches of armor; roof, 0.98 inch thick. 

Total weight of armor, 1,053 tons. 

The armor belt is formed of a single strake of plates which have a 
trapezoidal section. The lower edge is raised aft to allow for the 
screws. The armor is of steel, not Harveyized. On each broadside 
there are 18 plates. Their dimensions are as follows: 



First plate, at the Htem. . . 

Second plate 

Third plate 

Fourth plate 

Fifth to thirteenth plates. 

Fourteenth plate 

Fifteenth plate 

Sixteenth plate 

Seventeenth plate 

Eighteenth plate, at stem 



Length 
in feet. 


Thicknea 


At top. 


21.16 


7.09 


15.51 


9.06 


15.51 


11.02 


16.19 


12.60 


183.20 


13.78 


14.89 


12.60 


14.92 


11.02 


14.99 


9.45 


15.42 


7.87 


20.67 


5.91 



At bottom. 

Z.9i 
4.58 
5.12 
5.51 
5.91 
5.51 
5.12 
4.72 
4.83 
S.94 



The lower layer of the steel protective deck has a thickness of 0.69 
inch throughout the ship; the upper layer, over engines and boilers, is 
0.787 inch thick; forward and abaft this portion for a distance of 45.93 
feet it is 0.59 inch thick, and over the rest of the ship it is 0.39 inch 
thick, so that the total thickness of the deck in these portions is 1.378, 
1.181, and 0.984 inches. 

The double bottom extends throughout the greater part of the length 
of the ship; under the engines and boilers and the forward transverse 
coal bunker it reaches up at the sides to the bed of the belt armor; 
under the forward and after ammunition magazines and the after coal 
bunker, however, it extends only to the foot of the outer latei*al longi- 
tudinal bulkheads. The thickness of the steel lining above it at this 
part is only 0.196 inch, while in the central part the middle strake 
above the keelson is 0.394 inch thick. The double bottom serves for 
carrying water ballast. 

The main deck is constructed of teak 1.97 inches thick, slightly less 
under the superstructure deck, plated with steel 0.47 inch thick in the 
central part of the ship, diminishing to 0.2 inch at the extremities. 

The superstructure deck has the same thickness of teak, reduced to 
1.38 inches above the 4.7-inch casemates, plated witiii 0.32-inch steel, 
diminishing to 0.16 inch. 
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Above the protective deck the protection of the ship is completed 
by a cofferdam which runs longitudinally through a considerable por- 
tion of the ship. The interior face is placed about 3.28 feet from the 
exterior lining of the ship, and its top at the sides is about 8.35 feet 
above the upper edge of the belt armor. 

The ammunition hoists for the 9.4-inch turret guns and the platform 
which revolves with them are protected by a steel cylinder clothed 
with armor; this cylinder having an interior diameter of about 11.5 
feet, and extending from the protective deck to a height of about 1.3 
feet above the level of the main deck. 

In the interior of the protective cylinder is a fixed horizontal plat- 
f onn supported by another cylinder which reaches down to the double 
lK)ttom. 

The ])arbette armor reaches down to the protective deck and is sim- 
ply a covering for this outer cylinder. 

The armor of the 4.7-inch casemates exists only on the outside. 
The ports of these casemates are 3.12 feet high. The ammunition 
hoists are protected by an exterior armored envelope, distant from 
3.15 to 3.94 inches all round, having a thickness of 7.09 inches and 
extending from the protective deck to the floor of the casemates. 

DIVISION OF HULL. 

The hull is divided by 12 transverse water-tight bulkheads, 10 of 
which extend up to the protective deck and 2 to the orlop. In the 
engine and boiler compartments there are on each side 2 wing bulk- 
heads, the inner reaching down to the double bottom and the outer 
stopping at the height of the floor of the wing passage behind the 
armor belt. 

The bulkheads 'tweendecks and those of the superstructure deck 
are of corrugated steel and covered with zinc. They have a thickness of 
about 0.6 inch. At the position of cabin dooi's this corrugated steel is 
replaced by steel strips with a teak body. 

The walls above the cofferdam and those of the superstructure deck 
between the 4.7-inch casemates have an inside covering of zinc one- 
half millimeter thick and this in turn covered with linoleum 2 milli- 
meters thick. In the interior of the cabins the corrugated steel form- 
ing their walls is also covered with 2 millimeters of linoleum. 

The hammock nettings on the superstructure deck extend between 
the 4.7-inch casemates, and are fonned of two casings, the outer form- 
ing bulwarks, and the total thickness of steel being 0.35 inch. 

The protective deck, which has no wood flat, is covered with lino- 
leum 7 millimeters thick in the stations, mess places, passages, etc., 
and 4 millimeters in the cabins. 

The powder and shell rooms are wainscoted with 10 millimeters of 
teak. The bridges are covered with 40 millimeters of teak, 
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Behind the side armor the teak backing extends over the whole 
length of the ship, having at its upper edge a thickness of 4.72 inches 
and 3.94 inches at the lower part. 

The conning tower is of rectangular form, with rounded corners. 
It is placed upon the forward bridge. It is 7.22 feet long, 5.91 feet 
wide, and 5.25 feet high, and has a thin steel roof. 

MOTIVK POWER. 

Engines: two vertical triple-expansion engines, each with three cyl- 
inders, develop 1,800 horsepower at 135 revolutions and with 24-inch 
stroke. Weight complete, without water, 193 tons. W eight of water 
in engines and tanks, 6 tons. Diameter of cylinders, 25.98, 38.58, and 
55.12 inches; stroke, 24.4 inches. Maximum revolutions, 135. 

Boilers: eight Lagrafel d'AUest type; grate surface, 306.8 square 
feet; heating surface, 8,800 square feet; ratio, 28.7. Steam pressure 
in boilers, 213.345 pounds per square inch. Weight of boilers, with 
funnels, all accessories, etc., without water, 115.9 tons; weight of water 
in boilers, 20.4 tons; weight of motive power, complete, with water, 
336.3 tons. Two furnaces to each boiler. 

Coal stored all around the boilers and at the sides of the engines. 
In the "tranche-cellulaire," on the protective deck, 70 tons additional 
is carried. Coal capacity at load water line, 190 tons; total capacity, 
260 tons. 

Endurance at 10 knots, with 190 tons of coal on board, 3,000 miles. 

Twin screws. 

Auayilia/ry mdchinery. — ^The auxiliary steam apparatus comprises 
1 servo-motor for steering gear, 1 steam windlass, 4 dynamos, 2 steam 
pumps of 300 tons, 1 steam pump of 30 tons, 1 compression pump for 
torpedoes, 2 ash hoists, 1 deck winch, 2 distilling machines, each with 
capacity of 1,500 to 1,800 liters in twenty-four hours, 1 auxiliary con- 
denser, capable of condensing 1,500 liters of steam an hour, which 
receives the escape steam of the auxiliary apparatus ordinarily used 
for anchoring. 

AccoTivinodatioiu. — ^The cabins of the commander and the second in 
command are situated in the after part of the superstructure on the 
main deck. The oflScers are berthed in the after part of the 'tween- 
decks under the main deck. The crew have quarters in the central 
part of both decks. A well-appointed library and hospital are pro- 
vided. 

LOCATION OF BOOMB. 

In the after part of the platform deck are located, in the first com- 
partment aft, the steering room; in the second compartment, at the 
center, the steering motor and gear; at the side^ of the same, four 
storerooms; in the thii'd, center, the training machinery for the after 
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turret, and at the sides, petty officers' rooms and hatches. In the 
fourth compartment, the electric apparatus, the after pumps, electric 
and hand winches for hoisting ammunition, rope and sail rooms, and 
engine storerooms. 

In the forward part of the same deck, forward of the boilers, coal 
bunkers, pump for forward compartments, pump for double-bottom 
torpedo air-compression apparatus, ammunition winches, water tank 
holding 4,000 liters, ammunition magazines, provision rooms, after- 
turret machinery, the steward's room, and other storerooms. 

The various bulkheads on this deck, othei* than the water-tight 
bulkheads of the ship, are of zincked corrugated steel, without wood 
or linoleum. The boxes and racks in the storerooms are of wood. 

In the hold, the after compartment is empty, and others contain the 
9.4r-inch ammunition rooms and the ammunition rooms for the smaller 
guns, and on either side tunnels for the engine shafting, water tanks, 
and empty water-tight compartments. 

The forward compartments contain coal bunkers, amnmnition rooms, 
torpedo rooms, and chain lockers. 

The lookout station is placed on the bridge, abaft the commander's 
station, and constructed of steel. 

Masts^ rigging^ and sails. — ^The diameter of the two steel pole masts 
at their passage through the main deck is 0.5 meter and at their tops 
0.1 meter. Their total height above the main deck is about 22 meters 
(72.18 feet). The thickness of the steel runs from to 4 millimeters. 
The standing rigging is of steel rope. The total sail area is about 
1,076 square feet. 

Steering gear, — ^The steam steering gear is placed aft, below the pro- 
tective deck. It is worked from the commander's station; also by 
hand, by wheels on the main deck, and at the motor. 

Anxshors, — ^The anchor gear includes a steam windlass, 2 cast-iron 
hawse holes, 2 iron cranes, 2 iron railroads for chain cables, etc. 

Two Martin anchors, each of 48.5 cwt.; 1 Martin anchor in reserve, 
of 48.5 cwt.; 1 kedge anchor of 26.4 cwt., including stock; 1 of 15.4 
cwt., stock included; 480 meters (1,574 feet) of chain, 1.73 inches in 
diameter, for davit anchors; 180 meters (590.6 feet) of chain cable 1.18 
inches in diameter; 1 hemp cable 9.8 inches in circumference and 492.1 
feet long; 2 hawsers 7.87 inches in circumference and 492.1 feet long; 
1 hawser 6.3 inches in circumference and 492.1 feet long; 1 hawser 
4.7 inches in circumference and 492.1 feet long; 1 boat rope 3.9 inches 
in circumference and 492.1 feet long. 

Boats. — Steam cutter, steel, 27.88 feet long; wooden launch 29.52 
feet long; pinnace 26.24 feet long; two cutters 24.6 feet long; whale- 
boat for commander 26.24 feet long; dinghy 16.4 feet long; small punt 
11.48 feet long. 
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APPROXIMATK WKKSHTH «().M»'«>srN«; TIIK I»I«l'LAfKMKNT. 

Tons.* 

Hull : Metallic, wood bat-kinp, fittinl with a<<*i\sw»rieH of hull 1, 027 

Armor (iiu'luding bolts) as follows: 

• Sides (and Iwlts) riO^ 

Deck witli coamings 220 

4.7-inch casemates .' 76. 5 

Circular shields of same 12. 8 

Ammunition hoists for 9.4-inch guns 106 

Movable turrets of 9.4-inch guns 124 

Ammunition hoists for 4. 7-inch guns 12 

Conning tower 10 

1,066.3 

Armament and ammunition: 

9.4-inch — 

Two 9.4-inch 40-caliber guns, with carriages and supj)ort8. . OH 

Two revolving platfonns for same and their machinery ... 82 

Ammunition, 80 rounds each 47. 84 

Equipment, spare parts, etc 2 

Four 4.7-inch 50-calilx5r guns, with carriages, furnished with 

150 rounds 49.9(> 

Cages for hoisting ammunition (> 

Two 5.9-inch mortars, with carriages and 60 rounds of anmiu- 

nition 11 

Four 57-millimeter 70-caliber guns, with curriages, stands, and 

shields, and 400 rounds of ammunition 19. 08 

Two 75-millimeter guns, with landing carriages and 300 rounds 

of ammunition 5. 02 

Two 37-millimeter guns, with carriages and shields and 500 

roimds 2. 616 

Two machine gims ( 25-n i ill i meter), with carriages and shields 

and 500 rounds 2. 374 

Dynamos, switt;h boards, etc 16 

Winches and cages for ammunition of 57, 37, and 25 millimeter 

guns 4 

Small arms and ammunition for siirne 2. 5 

Powder rooms, also miscellaneous 4. 61 

323 

Tori>edo mat<f^riel( submerged tuTxjs) 30. 2 

E(iuipment, gear ' 57 

Boats 13 

Ma.^ts, rigging, and sails 15 

Auxiliary machinery 30 

Motive apparatus and distilling plant* 335. 3 

Coal (for 3,000 miles at 10 knots) 1 90 

Crew and baggage (200 men, officers included ) 23 

Provisions and water (provisions for seven weeks and water for fifteen days) 37 

Miscellaneous articles and f urnLshings 15,7 

Total, which espials the displacement 3, 162. 5 

^The French ton, or " tonne,'* the unit of weight in the lUjove tal>le. le^s o5.-4 ixmnds or 0.02 of a 
ton, amounting to 1.58 tons in 100 tons, is eqiml to the Englisli ton. The Hlx)ve displacement of 
8,162.5 French tons, therefore, amounts to 3,112.5 English tons. 

2 Weight of engines, 193 tons; of boilers, 115.9 tons; of water, 20.1 tons; total, 335.3 tons. 
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MARINE CASUALTIES. 

ENGLAND. 

After her thiity hours' trial the battleship Glory returned to Ports- 
mouth on February 8, with the slide rod of her starboard engine 
broken. 

In leaving Sheerness Harbor to join the squadron early in the same 
month, the Rejndse ran foul of a barge, which was anchored in the 
fairway. The starboard quarter of the battleship carried away the 
topmast of the vessel. The mishap was caused by a strong tide driv- 
ing the stern of the Mepxd^e against the barge. 

A small explosion of cordite in the magazine of the Revenge^ battle- 
ship, recently occurred. The cause of the explosion has not yet been 
ascertained. 

The old Ilero^ battleship, is said to have been aground about the 1st 
of March, but got oflp again without any damage. 

On March 20, while engaged in target practice, a 7-poundcr muzzle- 
loading gim exploded on the battleship Cfmqiu'rm^ seriously wounding 
three men. The accident occurred while ramming home the cartridge. 

Defects in the machinery of the cruiser Arrogant necessitated her 
being detached from the channel squadron in November to undergo 
repairs at Devonport. The feed pumps were found to be leaking and 
extensive repairs became necessary. 

The cruiser Furious arrived at Las Palmas December 8, with her 
machinery in a defective condition, the cause of complaint being simi- 
lar to that which necessitated the Arrogant^ a sister ship, being sent 
back to Devonport. The FuTUnm was laid up at Las Palmas for some 
weeks, and her engine-room staff did their best to repair the leaky 
joints and otherwise render the vessel efficient. 

Monday, March 5, the cruiser Hermes arrived at Nassau, Bahama 
Islands, with her shaft broken and boilers damaged. The cruisers 
Cresamt and Proserpine hurried from the Bermudas to assist the 
Hermes. 

From Durban it was reported on Fe>)ruary 6 that a somewhat serious 
accident had occurred on board the cruiser Thetis^ a boiler having 
exploded, causing the deaths of two men. 

At Buenos Ayrcs the British steamer Trefush and the cruiser 
Ptgamis were in collision in February. The former had several plates 
l)ent or broken and the forehold full of water, but the cruiser appears 
to have got oflf without serious damage. 

During target practice on board the gunboat Melita in the Black 
Sea the explosion of a gun resulted in the death of one man. The 
Melita carried eight 12,7-centimeter and eight machine guns. 
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A Reuter's telegram from Hongkong, April 7, stated that the river 
gunboat Handpij>er was ashore near Samshui, on the West River. 
She was badly damaged. The torpedo-boat destroyer Fame was going 
to her assistance. The Sandpiper was refloated and reached Hong- 
kong safely and went into dock, having sustained damage to her 
bottom. 

While running one of her series of 1,000-mile trials the torpedo 
gunboat Seagull^ December 12, fouled the chain of the East Stur- 
bridge buoy at Spithead, and the chain having become twisted round 
the vessel's propeller the trial had to be suspended. 

Tuesday, February 7, the destroyer Teazer^ attached to the gunnery 
establishment, Whale Island, went out to Spithead to adjust com- 
passes, and on returning collided with the North Corner Jetty and 
very seriously damaged her bows. 

The first cruise of the reorganized Devonport instructional flotilla of 
torpedo-boat destroyers was attended with a very unfortunate mishap. 
February 12 the Paiither^ ^^^olf^ Seal^ Thrasher^ Bat^ Locust^ and 
(hprey left Plymouth for a cruise in the Channel, but wei*e driven by 
]x)istcrous weather to seek shelter in Falmouth Harl)or on the 14th, 
where they were joined late in the afternoon by the Fairy ^ which had 
been detained at Devonport in consequence of mwhinery defects. 
Shortly after midnight the heavy wind and seas caused the Fairy to 
drag her moorings, and she was swept down first on the LocuMt and 
then on the Onprey^ damaging twth vessels and smashing her own 
})oats and fittings. Unable to get a grip for her anchoi's, the Fairy 
dragged toward the Bat^ and to prevent another collision the Bat^ 
with the /SVa/, ^Volf^ Panther^ and ThraHlun^ weighed their anchors 
with a view to steaming to a safer anchorage. Before this could be 
effected the Fairy was run into by the Bat^ struck just amidships on 
the port side, and in the darkness it seemed as if she would be cut in 
two. Skillful manceuvring of the Bat^ however, prevented this 
disaster, and })y 5 a. m. all eight vessels were securely moored. A 
sub-lieutenant on the Srtil^ unfortunately, severely twisted his ankle 
by being caught l)y the cable when his anchor was l>eing weighed. 

The damage sustained by the destroyers was of a serious character. 
The Fairy lost a Berthon boat and a whaler, both of which were 
smashed to pieces; her stern frame and plates were l)adly crippled, 
letting water into the steerage compartment; she was badly knocked 
about on the port l)ow and at the port gangway, and it was feared her 
propellers were })roken. The Locusfn damage was confined to the 
fore part of the vessel; the stem was badly twisted and several plates 
and frames crippled. The Bat was damaged on the starboard quarter, 
her starboard propeller guard smashed oft*, her bow damaged, and the 
fore compartment and wardroom leaking. The Osj/rey's damage was 
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confined to the lass of a few fittings, which were carried away when 
the Fah*y grazed her side. 

Following on this adventure a rather more serious accident 
happened to the Bat February 21. Though unattended by loss of 
life, the accident resembles in nearly every other respect the late mis- 
hap to the BvUjmch^ when eleven lives were lost. During an hour's 
run at full speed in February everything was apparently going well, 
engines running about 360 revolutions, and 28 knots logged. The 
hour was nearly up, when a loud noise was heard, followed by a rush 
of steam. Steam was promptly shut off, and the men, eight in number, 
succeeded in escaping from the engine room without injury. After 
the debris had been cleared away the full extent of the damage could 
be clearly seen. The prime cause can be traced to the cap of the low- 
pressure crosshead brasses, which fractured across one of the bolt 
holes; but whether this was due to inherent weakness of the cap or to a 
crosshead bolt nut slacking back and bringing extra strain on the cap 
remains for a court of inquiry to decide. As a result of this fracture 
the connecting rod was free, and blows from this part bent the cross- 
head guide back to an angle of 20 degrees and made a huge bulge in 
the port condenser. The piston, being also free, knocked a hole in the 
cylinder cover. On the cylinder lagging being removed a huge 
frac'ture was found in the cylinder itself, extending for several feet, 
the ei-ack being at least two inches wide. 

The destroyer Angler^ of the Medway instructional flotilla, returned 
to Chatham early in March with her stem cut through and the plating 
of her bows badly bulged, the damage having been caused by a 
collision. 

Torpedo boat No. 36, employed in patrolling the West River in 
China, was wrecked in February a short distance below Kumsank. It 
is said that she was very badly damaged, having struck a rock and 
ripped out a good portion of her bottom. 

Torpedo boat No. 92, while steaming at a high rate of speed, ran 
stem on to the light-ship moored just outside the entrance to the mole 
at Gibraltar, in November. The force of contact was so great that the 
bow was deeply buried, in the side of the light-ship. The bow was 
withdrawn, and the light-ship gradually settled and sank. The cap of 
the bow tube of the torpedo boat was smashed, and on examination 
her fore comjyartment was found to be leaking. 

Ytctoina and ALhert^ the new royal yacht, which was to have been 
undocked at Pembroke January 10, met with a serious accident. When 
sufficient water had been admitted to float her, she heeled over to port 
about 25 degrees in the dock. The caisson was replaced at the dock 
entrance and every effort made to keep her afloat until measures 
could be adopted to right her. From some cause, however, the caisson 
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jammed before it was completely closed, and the decrease in depth of 
water in the dock resulted in her port bilge resting on the keel blocks 
along the middle of the dock. Her stem was pressing against the 
granite at the upper end, and her stern crushing into the caisson. The 
yacht, after having been partially righted with pig-iron ballast, was 
undocked the next morning with a list of 10 degrees. 

In the calculations many of the weights, especially those connected 
with the structures composing the upper portion, appear to have been 
greatly underestimated, and various additions to these weights, among 
them an increase in the mast heights, were sanctioned during her con- 
struction. The result was that she was actually unstable when upright. 
A considerable amount of crushing in of the outer bottom occurred, 
but the inner bottom was only injured to a slight extent. The mastn 
and funnels have l>een shortened, and the greater part of the forecastle 
cut away. 

The new destroyer lie^Tidt met with a serious mishap during her 
steam trials at Portsmouth. She left the harbor during the forenoon 
of May 8, the engines being in charge, of the contractors, Messi's. 
John Brown & C>>., of Clyde Bank, and proceeded to Stokes Bay for 
three hours' full-power trial. After having run a little over two hours 
the studs on the low-pressure eceentric strap carried away and the 
balance piston knocked out the end of the balance-piston cylinder. 
Fortunately no one was injured, and the Recruit steamed back to 
harbor. 

FRANCE. 

April 14, while four engineer officers on board the Mas»ei\a^ battle- 
ship, were dismounting an escape pipe in order to clean it, by accident 
they disjointed the parts too rapidly. Steam concentrated in the 
escape pipes and, escaping in all directions by numerous joints, burned 
the men badly. 

On l)oard the armored cruiser Chansy^ in February, while the squad- 
ron was getting under way at Toulon, an explosion of steam in one of 
the boiler rooms burned several men, one of whom died. 

February 22, after engaging in target practice with the squadron, 
the torpedo-boat destroyer llalleharde was assisting in picking up the 
targets of the Gaulois^ and came into collision with that battleship. The 
bow of the battleship struck the destroyer on the starljoard side just 
behind the last but one water-tight compartment. The plating was 
torn off over a length of 5 meters, and water rushed into the com- 
partment; but the water-tight bulkheads prevented its gaining other 
parts of the ship, and the IfalUharde was able to return to Toulon at 
10 knots speed, escorted, for the sake of prudence, ])y the BurioU, 

During this same practice the Cycloue^ while towing a target, was 
torpedoed by the FUhuHtiei\ The latter launched two toi*pedoes with 
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practice heads, both of which deviated a great deal from their proper 
course. The first passed across the bow of the Cyckwe^ but the second 
one struck the side of the OyclonediboMt 40 centimeters from the stern, 
but disengaging itself, did little damage. 

In February the seagoing torpedo boat Sa/rrazhi sustained a slight 
accident to her rudder and was docked for repairs. 

About the same time the destroyer DimoU ruptured the frame of 
one of her service engines, and a period of twenty to thirty days was 
necessary for the repairs. 

The seagoing toi*pedo boat Gi^enculhT was slightly injured by col- 
lision with a pilot boat in leaving the harbor of Havre, and subse- 
quently, on account of the attempt to evade this collision, she injured 
her bow by colliding with a jetty. 

While engaged in torpedo exercise at night, the torpedo boat 
Doudart de La^vee^ forming part of the mobile defense of Algiers, 
collided with another torpedo boat and sustained considerable damage 
to its bow. 

An accident occurred on board torpedo l)oat No. 228, near Cher- 
bourg, March 31. She was steaming at a speed of 25.5 knots, when 
the piston rod broke. Five men were severely sculded by escaping 
steam, one of them in his agony sprang overboard and was drowned, 
and two of the others were not likely to live at last accounts. 

GERMANY. 

Battleship Kaiser Frledrich III ran aground while entering the dry 
dock of the Government shipyards at Kiel, sustaining injuries to the 
bow torpedo-launching tube. 

On February 27, at 8.45 p. m., in foggy weather, the battleship 
Sachsen ran aground near buoy ''Kiel A," and on March 1, at 2.30 
a. m., at rising tide, she got off under her own steam. The injuries 
sustained were of little importance. The outer skin of the bottom on 
the port side was dished in several places and torn open. The time 
required for making repairs was about two weeks. 

Between Danzig and Kiel, during the night of April 7, the battle- 
ship Wei^eTJyurg collided with some unknown object while making a 
run with forced draft. The double bottom was injured and filled with 
water, and the ship was docked at Kiel. 

During target practice on the morning of November 25, 1899, the 
battleship Worth struck a rock in the Bay of Eckernforder and tore a 
hole 22 feet long in her bottom, flooding three compartments. She 
went into Wilhelmshaven for repairs, and exactly one week later, 
contrary to expectation, she was in condition to join the squadron in 
its cruise to Norway. Although no vital portions of the ship were 
directly involved in the injuries sustained, it was necessary to close 
the large rents in the outer skin on the starboard side by riveting on 
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temporary plates, while on the port side the joints in the plates had 
to be riveted anew. This work was pushed night and day by a great 
number of workmen. Before being docked, moreover, the Worth 
had to unload her entire coal supply of 500 tons, and this had to be 
returned to the ship after the repairs had been made. 

Fire broke out on board the station ship Lordey in November, and 
two sailors were severely burned. 

Torpedo division-boat D-3 broke her screw shaft during a practice 
cruise and had to go to the navy -yard at Kiel for repairs. 

During target practice in Flensburg Bay torpedo boat S-81 sus- 
tained some injuries to her bow below the water line. 

March 13 a torpedo boat collided with a sailing ship near Kiel, and 
was helped out of her difficulty by the cruiser Jagd. 

RUSSIA. 

• The l)attleship Poltava mn ashore January 16 near Libau and lay 
in a dangerous position, but is said to have got off and been towed to 
Libau without serious injuries. 

In a gale during a snowstonn on a very dangerous coast the coast- 
defense ironclad General- Admiral Apraxhi went ashore off Hogland on 
November 12 last and was lifted and flung onto the rocks, which here 
formed a species of W, the centml apex of which penetrated her bot- 
tom. A rent was made 6 feet long by 4 feet wide on the starboard 
side of the stem. The wound was deep, lis the rock penetrated the 
hull and projected into one of the ammunition rooms. There were 
also comparatively small indentations on the port side. The ship was 
embedded finiilv l)etween two rocks in such a manner that two-thirds 
of her length was free and one-third embedded in comparatively soft 
stone. The vessel had no other injuries, and as precautions were 
taken in sending out anchors ahead and astern, could not move. The 
portion of the rock which penetrated the vessel was cut off, the 
hole patched by divers, and the vessels which went to her assistance 
succeeded in pumping out the water so that the auxiliary l>oiler (»ould 
be used. It is said that later, in January, the Ajyt*ax!n was driven 
by a mass of ice on a rock which pierced a fresh hole in her hull. It 
finally became necessary to lift the ship, as well as blow away the 
rocks around her, and this in very bad weather. Great credit is due 
to the Russians for their persistence in cariying out the work, which 
seems to have been an engineering feat of no small order. A last des- 
perate effort got her off May 2, though she was very badly damaged, 
and in the end the famous ice breaker Ernidck assisted in floating her. 

The Groiiwboi^ cruiser, grounded on a sand bank while on her way 
from St. Petersburg to Cronstadt. She was in a difficult position, but 
favorable weather peimitted her being safely floated. 

The cruiser J.^7//i^/'aZ Nahinwff^ot nipped in the ice during the 
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winter and had to go to Cherbourg to refit. She was coming out of 
Cronstadt when the casualty occurred, and, the sea being frozen, the 
Em\ack made a way for her. At the edge of the ice field, floes were 
encountered, and in picking a way among these, the cruiser got into a 
cul de sac. The damage done was not, however, very extensive, since 
she wa.s at Spezia not long ago. 

SUBSEQUENT CABEEB OF THE ICE BBEAKEB EBMACK— MISHAPS. 

{See page 141 and pages 156-160 of General Information Series, No. XVIII. ) 

On July 25, 1899, the- Ermack struck the ice boundary north of the 
northwest corner of Spitzbergen, in 80° 20' latitude and 9° 21' E. lon- 
gitude. She steamed north and proceeded successfully. Under slow 
steam, ice fields of 4.08 to 4.77 meters thickness were broken without 
difficult3^ The accumulations of ice she met were at times 14.9 meters 
thick and rose 6.13 meters above the surfac^e of the sea. After several 
of them had been successfully broken, the Ermack^ on July 26, struck 
with the comparative!}^ weak underpart of her hull on the spur-like 
projection of a block of ice of that nature and sprung a leak. This was 
temporarily repaired and the voyage continued, but in spite of every 
possible care the damaged portion of the ship came, once more into 
violent contact with the low-lying blocks of ice, the leak was enlarged, 
and finally the voyage had to be abandoned. On August 17 the Ermack. 
started for Newcastle in order to return to the dock which she had but 
recently left. As 3^et it does not appear to have been decided whether 
her bow is to be thoroughly strengthened in order to enable her to take 
up the battle with polar ice, or whether it is merely to be restored to 
its former condition for the pui-pose of operating in the Gulf of Fin- 
land, where the ice, though harder, is less powerful than in the Arctic 
Ocean. 

The failure of the Ermack upon her second att/cmpt to penetrate the 
polar ice is considered by many as a final condemnation of Makarof's 
idea — unjustly so, however, for the following reasons: 

The main principle which lies at the foundation of Makarof's idea is 
that the ice of the oceanic ice fields is in summer of such slight resist- 
ance that it can not withstand the shock of a ship of 8,000 tons dis- 
placement and 10,000 H. P. The experiments have shown that the 
Ennack with 7,500 H. P. — that is, with her forward engine of 2,500 
H. P. uncoupled — is able, while running with moderate steam, to break 
through the polar ice north of Spitzbergen, which is many years old 
and considerably compressed. If in doing so she sustained some injury 
to the comparatively weak bow below the thick ice belt, it simply dem- 
onstrates that the forward part of the ship must be considerably 
strengthened in its whole extent, probably in the same manner as is 
now the case at the water line. 

In the execution of this novel and bold idea, in which not only tech- 
nical difi&culties had to \m\ overcome, ]>ut also justified and unjustified 
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doubts and prejudices, it is very evident that some defe<*ts were una- 
voidable. It is obvious, for instance, that the forward screw of tho 
Ermack can be of no use whatever in polar seas, and therefore the 
whole forward engine and boiler can be done away with. The saving 
in weight resulting therefrom can be utilized to strengthen the bow 
and give it the same resistance in the lower part which it now has at 
the ice belt. 

The building 3'ard is bound by contract to furnish the Ermnch with 
sufficient resistance to enable her to withstand the impac*t with ice. 
Any repairs which may be required have to be made by the (con- 
structors without extra charge. 

JAPAN. 

April 30 the Japanese battleship Amh! grounded on Southsea 
Beach. The battleship was coming out of Portsmouth, England, 
under her own steam, with an experienced pilot on board and was 
well in the center of the fairwav, but the channel is ver}* seipentine 
and narrow, and at several places alotig its edges it suddenly shallow^s. 
Suddenly, abreast of a shelving Imnk, she was carried inshore, her ram 
dug into the bank, and she lay broadside on with her stern toward 
Clearance pier. This was at flood tide. As the tide went dow^n it 
fortunately carried her stern around, and she lay with her bow shore- 
wards. She listed to port, and at the ebl) about 20 feet of the bow 
was exposed, a good deal of ])ottom below the five submerged tubes 
being visible. The stern was still awash. The danger of straining 
the hull was imminent, but a little after midnight the ship floated, 
with very little injury having ])een done. Some of the frames were 
))ent internally, but what<^ver harm was done was comparatively slight. 
Much mvsterv <)l)scures the true cause of the accident. The best and 
most probal)le explanation offered is that the ship was not steaming 
fast enough to be imder proper control in the state of the tide at the 
time. 

A collision occurred December 28, at about i) p. m., between the 
cruiser ChltoHc {ix\A a fishing schooner near the island of Oshima, the 
schooner being sunk almost immediately. 

TURKEY. 

The torpedo boat SeJuim^ built at the (iermania Works in lSi)2, of 
85 tons displacement, 1,300 I. II. P. and 22 knots, was lost on April 
21 in the harbor of Beyrout, in consequence of a boiler explosion. 
The crew, comprising 27 men and 2 officers, lost their lives. 

GREECE. 

Torpedo boat No. 12, by an explosion of the boilers, was lost at the 
arsenal at Pineus while taking coal, and S jxn-sons killed. 
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NOTES ON GUNNERY, ORDNANCE. AND ARMOR. 



By Lieuteuant-Commander Richard T. Mitllkjan, United 8taU'H Navy, 

fStaff Ink'Uigence Officer. 



TARGET PRACTICE, 

The value of properly conducted target practice can not \m overes- 
timated, and that it is a subject of continually increasing hiiportance 
is shown by the fact that all naval powers are devoting more time and 
money — ^that is, ammunition — to the careful and systematic training of 
gun pointers. Extra monetary inducements are offered to encourage 
men to become expert marksmen. For instance, the British Admi- 
ralty has decided to distribute annually £5,200 in prizes for the encour- 
agement of shooting with the various weapons used in the royal navy. 
This action makes it clear, at least in so far as England is concerned, 
that the subject is regarded as one of supreme importance. 

The main object of target practice is to train men to hit a target 
under conditions approaching as nearly as practicable those of real 
battle. They must be taught to point their wejipons quii^kly and 
accurately and lire without unnecessary delay. This last is most 
important, for fire to l)e eflScient must be not only accurate but rapid. 
A skillful gun captain should also be able to properly estimate the dis- 
tance by the eye. 

A great deal of time has in past years been devoted to methods of 
plotting gun practice, mtios of merit to be given to shots (/f the tar- 
get, etc., and the main object, that of actual hits, has been of second- 
ary impoi"tance. It is not of infrequent occurrence to hear the gunner 
instructed to "shoot high," as his "final score," according to the 
usually followed system of obtaining percentages, would probably be 
thereby increased. This has, in a measure, grown from the fact that 
the target used is too small to be hit except by a chance shot, and it is, 
in consequence, difficult for the gunner to keep it in sight. 

The enemy's vessel, except when obscured by smoke, will always be 
visible, so that to make the conditions of practice assimilate as closely 
as possible to those of actual combat the target should be large enough 
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to be plaialy seen and actual hits noted. A few yards of ranvas bob- 
bing about spa-sniodically, as the target appears when looked at over a 
gun'H sights, present a most unsatisfactory appearance. This motion 
of the, target, which is rarely absent on the open sea, tends to rattle 
the marksman and take his mind from the other and more important 
elements which enter into his problem. To partially eliminate this 
source of error it now seems generally recognized abroad that the 
target, especially for priaj tiring, umst })c a large one. That recently 
used by the English in of the shape and approximately of the dimen- 
sions shown in figure 1. It is merely a raft with three masts having 
wnvas stretched Iwtween them. The triangular jibs at ea*ih end are 
used only for heavy barbette and turret guns, the modern rapid-fire 
guns having proved that it is too easy a mark for them when at its 
full size. The target is towed out to its position and moored head and 
stern, so that it will always lie in the same direction, and three buoys 
are then laid out as shown in figure 2, Only actual hits are scored. 
Speed, 13 knots. A "time allowance" in fixed for each class of gun. 

^^^:^ Shading net WT^ Shading thows 

[.t„<^i I J ''cadiargtt 

med n^f:gu^ 



Fki. 1.— BiiUah yria; Hring Inrett. 

The Admiralty has recently issued an order that when a ship goes 
out for prize firing at least two officera from other vesst'ls shall attend 
as umpires. That they are determined that their gun pointers shall 
be kept at all times at a high state of effieien<iy is shown by a recent 
order, which requires iiU captains of guns on home stivtious who are 
not engaged in sueh seiTice as necessitates their firing the required 
number of i"ounds from the guns in a seagoing ship, to be sent to 
the nearest gunnery school at least twice a cpiarter, and there they are 
to tire their quota of botli large and small projectiles. 

The amount of auununition that is to be expended during each year 
has recently been increased, but reliable information as to the number 
of i-ounds for each class of gun does not appear to be forthcoming. 
More time is given to sulx-aliber practice than formerly. 

The commander in chief of the Mediterranean st^ition has recently 
ordered that target practice with small arms shall be conducted at 
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floating targets. This is deemed to be most effective exercise on ac- 
count of the striking of the bullet on the water being visible to the man 
Mrho fires it, which is not the case at ranges. At least twenty rounds 
are to be fired from each rifle on board during each quarter, except 
that in which the annual rifle practice takes place. It is further directed 
that if it is not possible to fire all of the quarter's allowance under 
these regulations, the amount to be expended is to be fired the next 
quarter in addition to the ordinary quarter's allowance. 

The data in regard to target practice that have from time to time 
api^cared in the press are usually defective in that in almost each 
instance some important factor (if the figures are to be used for pur- 
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poses of comparison) is missing. It is quite usual to find that one of 
the elements, either the speed, size of the target, or mnges, is not 
stated. 

The regulations for towing-target practice as conducted by the 
British Mediterranean squadron, require that the vessels «hall form in 
two columns, 1,200 yards apart, and move in opposite directions. The 
distance between ships is 1 mile. Each vessel tows a float (size not 
given) 500 yards astern, which is fired at in succession by the vessels 
of the opposite column. Observers on each ship note the fall of the 
shots near the target astern and signal the results to the vessel firing. 
The speed of the whole force is set at 8 knots. The projectiles are 
filled with salt. 

It is probable that it was under the above-mentioned conditions that 
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the following practice*, with 6-iiich, tt. 7-inch, and 12-pounder quick- 
firing guns took place in November last: 



Ship. 



Cffisor 

Ramillies 

Venufl 

Hood 

EmprefB of India. 

Revenge 

Dido 

Royal Sovereign . . 
Renown 



Number of 
men firing. 



Not stated. 

14 
10 

I 

20 

7 

9 

8 

12 



NuralKT 

rouiulH 

fired. 



IViiutK 



IViint8 

per 
nmnd. 



Per cent 
score. 



29 


'M2 


11.8 


28 


288 


10.3 


20 


203 


10.1 


24 


232 


9.7 


40 


5J70 


9.25 


28 


2rxH 


9.21 


20 


iw 


9.20 


25 


227 


9.08 


48 


42:i 


8.8 



98 

86 

84 

80 

77 

76 

76 

75.6 

73 



Sliotfl lost to view: l£ood,2; IHdf),l; Renottn, 4; Emprf't»*qf India, 7; Jioyal iJoivrrijy«, 1; Revenge^ 3 
RamiUUs, I. 

During the same month the British Channel squadron is reported to 
have held towing target practice, ships working in pairs, 2 miles 
apart; speed, 6 knots; ranges, 1,500 to 1,000 yards; target 20 feet 
long by 16 feet high. 

It may be that targets of the same size were used by lx)th squadrons. 

The following table gives the results of towing target practice car- 
ried out by some of the ships of the Mediterranean squadron when 
cruising in company on January 24. The practice was limited to 
6-inch guns. The target was towed at about 8 knot^ per hour, and 
the distance of the target from the ship firing varied from 1,000 to 
1,500 yards. The weather was calm, with Ihe surface of the water 
slightly broken. 



Ship. 



Andromeda 

ThescuH 

Royal Oak 

Royal Sovereign. 

Canopiifi 

Astrsea 



Total 



Number 

of men 

firing. 


Ivoiiiid.s 
lirt-d. 

(U 
40 
40 
40 
48 
12 


Points 
made. 

&S7 
420 
405 
390 
463 
109 


I^Kxt 
KllOt. 

1 

3 

1 
6 
2 


32 
20 
20 
20 
22 
G 


120 


211 


2,474 


13 



Average 
{Hiints 

per 
round. 



10.7 

10.5 

10.1 

9.7 

9.6 

9.0 



10.0 



These results are fairly good. The proportion of lost shot was 
small. The An<lroined(t made by far the best average, although no 
less than Ji2 men fired, which means that the firing was not limited to 
the captains of guns, but numbers 1 and 2 fired as well. Taking this 
into consideration, the results obtained by the Andromeda certainly 
point to a very efficient state of gunnery in that ship, and show that 
the training has not been confined to a small number of seamen gun- 
ners who are crack shots. 
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PRIZE FIRING ON THK MEDITERRANEAN STATION. 

The results of last year's prize firing, as they appear in the Journal 
of the Royal United Sermce InHtlUithm^ are as follows: 

Heavy ffiin prize firing — i. <»., 9. 'J to 13.5'ineh (juim. 



VesBcl. 



nia«itrioiif! 

Revenge 

Csesar 

Ramillics 

Emprefusof India. 

Do 

Scylla 

Ramilliefl 

ReTenge 

Scylla 

Vulcan 

Thetbi 

Hazard 



Gun. 



12-lnch 

13.5-lnch 

12-Inch 

13.5-inch 

12-inch 

6-inch Q. F. guns. . 

do 

do 

do 

4,7-inch Q. F. guns 

do 

do 

do 

do 



Hebe 

I 

AiMon I 6-inch Q. F.guns 

Rupert ^ do 

Camperdown ' do 

Empiem of India , Secondary battery (light Q. F. guna) . 



Thetis 

Salamander 

Renown 

Hood 

Hawke 

Cfemr 

Hebe 



.do 
.do 
.do 
.do 
.do 
.do 
.do 



MACHINE GUNS. 



Melita 

Anson 

Cockatrice. 
RamillieR. . 



1-inch Nordenfelt, 2-barrel .. 
. 45-inch Nordenfelt, 6-barrel 
1-lnch Nordenfelt, 2-barrcl . . 
. 46-inch Maxim 



Vulcan 1-inch Nordenfelt, 2-barrel . . 

ThetiH I . 45-inch Nordenfelt, fr-barrt*! 



Percent 
of hitH. 



55 

53.8 

52 

50 

46.4 

46.9 

45 

42 

38 

80 

51 

42.4 

41 

35 

26.3 

13.3 

17 

49.1 

47.5 

43.9 

40.6 

36.2 

36 

32.0 

31.2 



36.3 

21.7 

20.7 

20 

19.8 

16.1 



The target used for firing with these guns is usually triangular oh 
the base, with vertical sides. The target as it appears is 12 feet by 5 
feet. Speed, 8 to 12 knots. Distance, about 1,000 yards. A certain 
''time allowance" is given each weapon, and only actual hits score. 

In connection with the above, it is interesting to note that in mere 
percentage of hits the palm was carried off by the Scylla^ viz., 80 per 
cent. She fired 70 rounds of 4.7-inch shell and hit the target 56 times. 
The practice was conducted in a light swell. In big gun work the 
Illustrious shows to the best advantage, 55 per cent of her 12-inch 
shots hitting the target. Three other battleships also made 50 per 
cent and upward of hits with their 12-inch and 13.5-inch guns. 

2597— No. XIX 8 
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It is reported that during a recent practice the Blak^s best gun 
crew fired 18 rounds and hit the target 15 times, while the total 
number of rounds fired by the guns was 148 and 110 hits recorded. 
The Royal Arthur did nearly as well; her best gun fired 18 rounds and 
scored 14 hits. The conditions of this practice allowed each gun crew 
three minutes in which to score. The range at the beginning was 2,200 
yards, diminished to 1,600, and finally increased to 2,200 again. 

No returns of French target practice have been noted since that held 
at Medes Bocks in August last. The available data concerning this 
practice is given on page 259, of General Information Series No. XVIII, 
As neither size nor shape of the targets is given, nor the speed at which 
the vessels steamed while firing (all factors that must be known in 
attempting to criticise naval gunnery), no fair comparisons can be 
made with the practice of the English given in this article. If we 
a^ume that the French target, as usually laid off on the Medes bluff, 
was double the size of the English, that the speeds were the same, the 
difference in the ranges being taken into consideration, the perform- 
ance of the Canard (72 per cent of hits in 9 minutes) compares very 
favorably with that of the ScyUcHs 80 per cent record. The practice of 
both squadrons was excellent. 

In naval warfare the ship which can get in the most hits in the short- 
est time is of the greatest strategical value. In other words, a vessel 
which can make 80 per cent of hits (in a given time) is the tactical 
equivalent (in an engagement) of two sister ships making 40 per cent 
of hits. 

The very raison cPetre for a ship is that she shall be able to fight 
efficiently. To do this she must be able to capture or destroy her 
enemy. It seems to be accepted that sea fights of the future will 
be of short duration, and, if such be an axiom, it is safe to assume . 
that the victory will rest with the ship that gets in her hits first. If 
these statements are undisputed, all else on board ship should be subor- 
dinated to the training of gun pointers. 

In the N^avy League Jowinuil of April, 1900, the following impor- 
tant details are given: The target used by the French Mediterranean 
squadron at the Rochers des Medes measured 36 feet by 76 feet, or a 
total area of 2,700 square feet (fig. 3). The speed was from 10 to 12 
knots and the range varied from 3,300 to 4,600 yards. The area of the 
English service target was 587 square feet for the heavy guns, and 309 
square feet for the medium quick-firers. The speed was 8 knots, and 
the range varied from 1,400 to 2,000 yards. The conditions of the 
practice of the two squadrons were, therefore, wholly dissimilar. 

The German press is silent upon the subject of their target practice, 
but that they are keenly alive to its value and necessity is apparent 
from the fact that in this year\s naval budget an appropriation of 
2,027,000 marks (about 1^:82,326) has been made for ammunition, tar- 
get practice and prizes. This is an increase of about $71,000 over the 
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appropjiation of 1S99 for the same purpose. It is reported that tliey 
are devoting a great deal of time to sulMjaliber practice. Figure 4 is an 
iilustrstioD of a Oerman 47-miHimeter tube for a 15-eentimeter K. F. 
gun. For guns from 12 centimeters and above, the .sub-caliljer tube is 
from 57 to 47 millimeters, and for 10 and 9 centiuiet*>r guns, of 37 
millimeters caliber. 



Via. 1.— Oerman 47 m 

Figure 5 ia an illustration of a device invented by Sergeant Hummel, 
of the German army, for observing the pointing and sighting of a 
rifle in the bands of a person under instruction. It cntibleN the 
instructor to observe simultaneously the line of sight, the marksman's 
eye, and the handling of the trigger without the pupil's being aware 
which is being particularly observed. The semioircitlar foot of the 
apparatus is placed on the mantle of the barrel close to the head of 
the breech box, and a rubber stmp is passed around the stock and 
attached to a hook on the other side of the foot of the device. The 
mirror sight and indicator case (5in be so moved that the instructor can 
observe the marksman in every position without having to change his 
own position. This saves time during the instruction. It is claimed 



that the instrument has proved to be simple, pra('tical»le and durable. 
Ita cost is about 85 cents. It is being used in several German regi- 
ments. If it will do one-half of what is claimed for it, it would seem 
to be worthy of trial. 

The only reliable information from Russia on the subject of tai^t 
practice is contained in a report which appeared in the Xoilm, as fol- 
lows: 

At the trials which recently took place in the presence o£ the minister of war, 130 
rounds were fired from 4 mortar batteries agaitiMt a target i-onsistins of 2 wloops con- 
nected with each other and towed by a steam cutter at the rate of 10 knots, and at a 
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distance from the batterieH varying between 28 ami 4 miles. This target was 280 feet 
long and 28 feet wide. Of the 130 rounds fired only 8 hit the target, which, as the 
projectiles contained no explosive, sank after the eighth hit. Many projectiles fell 
so close to the targt^t, however, that if the latter had l)een a warship, 24 of them — that 
is to say, 18 per cent of the total number of projectiles fired — would have hit. But in 
moilem naval warfare, ships that are being fired upon will change their speed inten- 
tionally in order to increase their chances of not being hit. On the whole, the trialn 
seem to prove that, while it is quite possible for mortar batteries l)oml)arding an 
attacking fleet to set a ship out of at^tion with bursting shell, this advantage is almost 
annulled by the large percentage of ineffective projet^tiles. Henc^, unless the num- 
ber of mortars can \ie increased to such an extent that it l)ecomes possible to throw 
a veritable hail of projectiles upon the advancing fleet, it does not appear advisable 
to rely exclusively upon mortars for the defense of coast fortifications and to neglect 
the ordinary heavy artillery. 

These firing trials were made with the mortar batteries at Kronstadt, 
for the purpose of ascertaining whether it would be possible to check 
an advancing fleet with their fire. As the report intimates that the 
ranges and the speed to be maintained by the target were known to 
the gunners, the results of the practice can not be regarded Jis very 
satisfactory. 

The following extracts from a lecture delivered by Capt. J. A. F. 
Gmham, of the Swedish navy, before the Royal Naval Society of 
Carlskrona, are given in full, as the data contained therein are un- 
doubtedly reliable and his comments upon the results obtained are 
interesting and instructive: 

While the technical arrangement of a ship's armament requires the greatest care, 
yet it is the use made of the guns during battle that determines the issue. To hit 
will ever remain the first obje(;t of gun tire, and careful practice and training in firing 
are the only effective means for attaining this object. * * * 

But it can not be denie<i that the technical arrangement of modern guns exerts in 
some resj^ecta the greatest influence on the perfection in firing. . This applies first of 
all to the arrangement of the sighting devices. For heavy and medium-caliber guns 
the gun captain himself has to elevatie as well as train the gun and fire it by means 
of wheels and a crank. This is now considerably more difficult than the training 
and firing which the captains of older guns had to do. " If our gunners had three 
hands," says an English naval officer who is in the employ of the firm of Armstrong, 
"the training and firing of modern guns would be an easy matter. But how is a 
gun captain with two hands t-o manage two wheels and one crank?" To remedy this 
difficulty, exi)eriments have l)een made in dividing the training and firing between 
two men of the gun crew, either so that one of them does only the training while the 
other does the elevating and firing, or so that the firing is done by orders of the 
training gunner. The former of these alternatives retjuires a coupling together of 
the sights. 

The experiences gaine<l during the year 1899 from target practice, at the gunnery 
training school, with 12-centimeter R. F. guns M/94, point in the direction ai)ove 
indicated. Especially in a seaway the training of guns is connecte<i with difficulties 
if the rapidity of fire is to be preserved. 

The 15-centimeter guns of tlie Drisiigheten have vertical as well as lateral training 
wheels on both sides of the mount, so that in this case it is not difficult to divide the 
operations of training and firing as stated. 

Ciroat rcfjuireinents must be made of tlu^ sighting devicCvS themselves in order that 
the effectiveness of rapid fire may be maintained, and the more the range of guns is 



117 



increased the more the need is felt of a sight which will permit the target to be more 
clearly distinguished than is possible with the naked eye. Among the improved 
sights there are really only two types which have attracteii general attention, namely, 
ihe so-called H-sight and the telescopic sight. The former may be of different forms. 
It either consists of two small uprights with a horizontal wire stretched between 
them, at the center of which is the front sight in the shape of a circular disk, or, like 
the. German naval sight, it is constructed in the shape of a frame between the sides 
of which are stretched one horizontal and two vertical wires; the front sight is on the 
horizontal and }>etwetm the two vertical wires. The advantages of these sights are 
that the target is visible below as well as above and on either side of the sighting line, 
and that it is very easy to learn the relative positions of the front and breech 
sights. * * * 

It is a generally recognized fact that the annual target practice promotes in a high 
degree the skill of our naval gunners. To show this, a few of the results attained at 
the gunnery training school during the year 1899 may be mentioned. 

Prize firing with 12-centimeter R. F. gun M/94, at anchor, against large stationary 
target; distance, 1,200 meters; moderate rolling and pitching; calm: 



Number of rounds. 



Ftrst-clasw sefunan, 3. . . 

^k»InaIl gunner, 8 

Second-class .neaman, 3 
Se<^nd-cla88 seaman, 3 
Second-clafs seaman, 3 



Total number of 
points. 



10+10+10=30 
10+10+10-^30 
10+10+ 0-20 
10+10 f 0-20 
10 + 10 f 0-20 



Time. 


in. 


H. 


1 


V) 


1 


48 





51 


1 


2:^ 


1 


30 



Prize. 



First prize and medal. 
Second prize. 
First prize. 
Second prize. 
Third prize. 



Prize firing with 57-millimeter R. F. gun M/92; under way; siieed, 12 knots; target, 
cnws section of torpedo boat; distance, 1,000 to 600 meters; fon-e of wind, 8 to 4: 



Number of round.s. 



Finjt-ela.*« rigger, 3 .. 
Second-class rigger, 3 
Second-class rigger, 3 



Number 
of hits. 


Time, 


2 
2 

1 


Scnuuh. 
12 
14 
10 



Prize. 



First. 
First. 
Second. 



In the above results the small rapidity of fire attained with the 12-centimeter R. F. 
gun M/'94 must at once be ap{)arent. This is due to the fact that in the SwcMlish navy 
the requirements in that respect for obtaining prizes are not severe, so that there is 
not much incentive among the pupils of the gunnery school for forcing the rapidity 
of fire. 

There also took place at the gunnery training school competitive firing on board 
the gunboat Vrd. The target was a torpcnlo cruiser of one-third size; the speed was 
5 knots; the distance 2,600 to 1,200 meters. The firing was done under way, l)oth 
going toward and moving away from the target. In the following table, showing the 
results, the trial shots are included under "Numl>er of rounds:" 



Gun. 



12 cm. R. F. gun MI94 

12 em. gun M<81 

57 mm. R. F. gtm M/92 

3b mm. R. F. gun M/M 

25 mm. machine guns M/77 



Number 

of 
roundH. 


Per cent 
of hitM. 


10 


50 


3 





58 


l« 





67 


72 


10 

1 




1 

• 



Remarks. 



The inferior result of the 12-em. gun 
M/81 may probably be attributed to 
the condition of the pracjtice ammuni- 
tion. 
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The resulte of the competitive firing of the coaflt squadron in the year 1899 are 
shown in the following table. Owing to the swell prevailing, and for other reaaons, 
the hits could not be taken down accurately; the resulte must therefore be consid- 
ered approximate. The speed vfoa about 8 knote. Target, battleship section 3 x 8 -i- 
3 X 15, ^ and gunboat section. The trial shots are included: 



ClaaH of ship. 



Guns. 



Num- 
ber. 



First-clasH battleship 

Do 

Do 

Torpedo cruiser 

Do 

FifHt-class gunboat . . 

Do 

Do 



G 
IC 
30 
4 
8 
2 
2 
4 



Caliber. 



25cm.M/94 

12 cm. R. F. M/94 

57 mm. R.F 

12cm.R.F 

57 mm. R.F 

15 cm 

12 cm 

57 mm. R.F 



Distance. 



Fer cent of hlta. 



3,000 to 1,700 
3,000 to 1,700 
3,500 to 2,000 
2,500 to 1,800 
3,000 to 1,800 
2,800 to 900 
2,800 to 900 
2,800 to 900 



Maxi- 


Minf- 


mum. 


mum< 


67 


17 


33 


25 


63 


31 


40' 


30 


85 


10 


30 


30 


60 





40 


30 



Mean. 



ao 

42 
20 
23 
30 
30 
35 



It is unnecessarj' to add that the firing took place on the open sea. 

The competitive firing of the Stockholm division took place July 14, 1899, outside 
of Stockholm Harbor. The target consij^ted of the old hulk of a small bark; during 
the firing the target w^a« partly obscured by a low rock lying opposite it. The results 
are shown in the following table: 





Guns. 


Distance. 


Per cent of hit«. 


Cla&i of ship. 


Num- 
ber. 


Caliber. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 




G 
10 


Heavy .• 


2,800 to 2,100 
3,000 to 1,800 
3,000 to 1,100 
1,600 to 1,100 


67 
50 
80 
73 


33 
30 
40 
15 


60 


First and second-cIfuiB Imttle- 


Medium 


87 


shipH and first-class gun- 


57 mm 


70 


boat. 


8 


25 mm. machine 


50 



In conclusion we will mention the results of a competitive firing of the coast 
squadron in the year 1898 outside of Stockholm Harbor. There was some swell dur- 
ing the firing, and the weather waa very unfavorable. The resulte were as follows: 



Class of ship. 



First-chiKs battleship 

Do 

Do 

Do 

Torpedo cruiser and first 
class g^uuboat. 



Guns. 



Num- 
ber. 



6 
8 
4 

21 
1 
7 

10 



Caliber. 



25 cm. gun 

12 cm. R. F. gun. 

15 cm. gun 

57 mm. R. F. gim 

Heavy 

Medium 

Ught 



Distance. 



2,600 to 1,200 
2,600 to 1,200 
1.200 to 2,000 
2,600 to 1,200 
1,600 to 1,400 
1,800 to 1,200 
1,800 to 1,200 



Per cent of hits. 



Maxi- 
mum. 



50 
50 
92 
92 
67 
87 
90 



Mini- 
mum. 



20 
5 
92 
50 
67 
30 
23 



Mean. 



40 

28 
92 
78 
67 
35 
35 



The target in this case was a battleship section 3x8-f-3xl5m. * 
Considering that in all the target practice referred to, the targete were compara- 
tively small and that practice ammunition waa used for all the heavy and medium 

* These figures are given aa they appear in the original. Their meaning is not 
clear. — O. N. I. 
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gnnB, in which ctifle the trajectory, as is well known, is not nearly bo flat as it is when 
service ammunition is used, the results may be considered good. 

In order to make the target practice as instructive as possible it would seem, how- 
ever, that the targets should more nearly represent those we have to deal with in 
battle than has hitherto been the case, and should therefore be towed targets, which, 
in view of the great expense occasioned by the consumption of ammunition, would 
be well justified. 

It would also be expedient to consider the advisability of limiting the length of 
time for the firing of rapid-fire guns in order that a better idea may be gained 
of the rapidity of fire developed. This is done in the English navy, where one 
luinute is the maximum length of time allowed for each passage with rapid-fire guns. 

TOBPEDO-FlKUfti TJUALS. 

During torpedo-firing trials recently held in France, in which the 
floating target was towed by the steamer Cyclone with a cable 230 
meters long, at a speed of 10 knots, a torpedo launched from the 
Flilmstier^ at a distance of 500 meters, deviated so much from its 
course that it passed in front of the Cyclone^ while a second torpedo 
struck the Cyclone in the bow, causing a leak. 

The various recent improvements introduced to keep the torpedo on 
a straight course, among the most notable of which are the Obry and 
Kaselowsky devices, have gone a long way to improve its accuracy, 
but it can not as yet be regarded as a weapon of precision. 

SMALL ARMS. 

That the modem small-bore magazine rifle, using smokeless powder, 
has not yet passed the experimental stage is shown by the fact that 
Germany, France, England, Portugal, and Japan are either making or 
contemplating changes in their service weapons. The recent Spanish- 
Amencan and the present Boer wars have demonstrated the limit of its 
effectiveness and the necessity for a further increase in its efficiency. 
The war now going on is the first serious conflict in which white men 
have been opposed to one another using muskets of such high power, 
and the tactical and mechanical lessons which are being drawn from 
it, in so far as relates to this subject alone, are of great value. 

The new German infantry rifle, which is being distributed, is of the 
same caliber and uses the same ammunition as the one now in geneml 
iise and is simply an improved Mauser, This substitution of the new 
rifle for the old will cause no disturbance, as care is being taken that 
the same division of troops will use only rifles of the same construction. 
As modern rifles wear out rapidly, making renewals necessary at 
intervals of from four to five years, it is estimated that in a compara- 
tively short time the entire German army will be equipped with the 
new weapon. The essential improvements in the new rifle, which is 
known as model 88/97, consist in a more effective hand protection for 
the barrel; a new sight; a more practical arrangement of the magazine, 
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the cartridge frame being replaced by the so-called clip; a new form 
of bayonet (secured to the stock instead of to the barrel as heretofore); 
and the number of grooves has been increased from four to six, and 
the profile of the rifling changed to facilitate cleaning. Special devices 
have been provided to prevent double loading, the escape of gases 
and discharge before the barrel is entirely closed. These changes 
have been made with a view to removing the objectionable features 
which have become apparent in the practical use of the rifle. 

The barrel mantle of the old model did not afford suflScient hand 
protection, as the heat developed by rapid firing is transmitted to it 
through the intervening stratum of air. This has been replaced by a 
wooden casing of the forward barrel, which affords better protec- 
tion to the rifleman's hand. The tactical value of the piece has been 
increased by a modification of the sighting device. In the old model, 
even for comparatively short distances, the sight flap had to be raised, 
and the aiming done through the longitudinal slit between the two 
shanks of the bar. This greatly restricted the field of view. In 
the new device the bar is mised gradually, upon a steplike support, 
and a better field of vision is afforded for the most important ranges. 
In the former magazine the five cartridges lay one above the other, so 
that the box for their reception projected considerably bej^ond the 
stock. This interfered with the convenient handling of the rifle and 
made it particularly difiSicult to shoulder. Besides, the magazine was 
open at the bottom to allow the empty cartridge frame to drop out, 
thus permitting dampness and dirt to penetrate into the interior of 
the loading mechanism. In the new model the cartridges are seated in 
a clip, from which thej'^ are slipped off when loading, and lie side by 
side in zigzag formation. With this arrangement the magazine is 
closed at the bottom and its lower edge is flush with the stock. The 
new bayonet is triangular in shape, and is shipped underneath the 
barrel instead of on the side. It is thought that this method will 
prevent the tendency to fire too high. 

Japan is substituting the new Arisaka rifle for the Murata, about 
40,000 having already been issued to the troops. 

France is to have a new rifle, a modification of the Lebel. The 
secret has been well kept and was only recently made known through 
a discussion of the war budget in the Chamber of Deputies. It is 
stated that the new arm will be issued within the next six months. No 
details of its construction are as yet available. 

Trials have been recently made at Chfilons of a new rifle invented 
by Captain Daudetau. The following details have appeared: Caliber, 
6i millimeters; magazine for five cartridges; barrel covered with hard 
wood for hand protection; cartridges of very light weight. As the 
data published relative to these trials are of a general and indefinite 
nature, no opinion can be formed of the value of the claims made for 
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the hallistic efficiency of the weapon until the nature of the projec^tile 
and the Initial velocity are known. 

It is believed that since the commencement of hostilities in South 
Africa the English Government has learned that a great number of 
the British service rifles (Lee-Medf ords and Lee-Enfields) are badly 
sighted. It appears that 250,000 new sights have been sent to the 
Cape to replace those upon the arms actually in use. The following 
have been reported as defects in the Lee-Enfield rifle: It is under- 
sighted at all ranges; it throws to the right, and no allowance is made 
for *' drift" with long-range sights. One seemingly well-informed 
writer on the subject enters so far into detail as to state that in a large 
number of recently manufactured rifles the fore sight has, through an 
error, been placed 0.023 inch to the left; and that, in consequence, these 
pieces at 100 yards shoot 7^ inches to the right of the point of aim. 

Colonel Lockyer, chief inspector of small arms at Enfield Lock, has 
recently produced a carbine the range and accuracy of which are equal 
to those of the Lee-Enfield, and it weighs 2 pounds less. It has a long 
triangular bayonet, with the same handle as the old sword bayonet. 

The new Lee Straight-Pull submitted to the British War Office is 
of particular interest to us, as it is an improvement upon our 0.236- 
ineh naval rifle. The new arm has fewer loose parts about the breech, 
an improved extractor, and a new form of clip. The latter is stamped 
from a single piece of steel and grips the cartridges simply and effect- 
ively. Its caliber is 0.256 inch, the same as the Mannlicher. It is 
heavier than our piece, but lighter than the Lee-Enfield. It is stated 
that its point-blank range is between 600 and 700 yards, while at 1,000 
yards the trajectory rises only 24 feet. 

An Austrian patent to convert the Mannlicher rifle into a semi- 
automatic weapon, by means of the recoil, has recently appeared. In 
brief its action is as follows: The breech is supplemented by a tubular 
guide containing a spring, of which one end abuts against a pivoted 
plate and the other against a shoulder on the breechblock. The spring 
is compressed by the recoil, and immediately returns the breechblock 
to its closed position. 

Ferdinand Ritter von Mannlicher has patented a pistol which auto- 
matically loads itself after each discharge. 

Captain Cei-Rigotti, of the Italian infantry, has recently patented 
an automatic attachment which can be readily applied to the Mauser 
or the Parravicino-Carano, the present Italian rifle. It consists of 
four pieces, which comprise ian ejector and a lever for forcing the new 
cartridge into position. Both ejector and lever are operated by the 
gas which escapes from a tiny hole near the end of the barrel into a 
chamber below. The gas affects alternately the ejector and lever. It 
is claimed that, with a weapon thus modified, 15 rounds per second 
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can be fired without taking the rifle from the shoulder. The mech- 
aninni is provided with a cut-oflf, so that single shots may be fired. 
Captain Cei-Rigotti has sold the right to manufacture his mechanism 
to an Italian company. 

Portugal very recently appointed a committee to select a new rifle 
for its infantry. After narrowing the choice down to the Mauser and 
the Schonauer (Steyr), it decided in favor of the latter. The report 
states that the weapon was selected on account of its simplicity, reli- 
able functioning of the breech mechanism, and long range (800 meters 
more than the Mauser), which advantages, in the opinion of the com- 
mittee, are not compensated for by the greater ease with which the 
Mauser can be loaded. The caliber of the new rifle is 6.5 millimeters; 
its weight, 3.8 kilograms; the weight of the bullet, 10.2 grams; and 
the initial velocity, 725 meters. 

At the Royal Norwegian School of Gunnery at Tiirningmoen, inter- 
esting experiments were recently made with snow walls, in place of 
earthworks, as a protection against small-arm fire. Walls were con- 
structed of newly fallen snow, which consequently does not pack, and 
others of partly melted snow, which had thus attained its maximum 
density. The firing was done at ranges of 50, 120, 360, and 800 meters, 
respectively. The results of all the experiments were the same, with 
only slight diflferences. Six and one-half millimeter projectiles per- 
forated the snow banks to a depth of from 80 to 90 centimeters, in 
exceptional cases 96 to 98 centimeters. There was little deformation 
of the projectiles; the greatest was noticeable in projectiles fired at 
the longer ranges. In no case did a bullet penetrate entirely through 
a snow wall of 1.20 meters thickness. 

These results appear the more remarkable as the Norwegian army 
rifle has shown surprising penetrative power. It may be predicted 
that in case of a winter campaign the employment of trenches and 
walls built of snow would acquire considerable importance in northern 
countries. 

That the stopping power of snow may be fully realized, the follow- 
ing extracts from a report of recent experiments at the Springfield 
Armory with a 0.30-caliber magazine rifle with service ammunition 
(initial velocity 2,000 foot-seconds) arc given. 

In targets placed at 53 feet, the following perforations were 
obtained: 

Iron l)oiler plate, 0.4 inch thick, backed. Penetrated. 
Iron lx)iler plate, 0.468 inch thick. Penetrated. 
Same plate, backed. Penetrated 0.46 inch and bulged plate at back. 
Iron boiler plate, 0.566 inch thick, backed. Penetrated 0.255 inch. 
Soft steel plate, 0.2 inch thick, backed. Penetrated. 

Seasoned oak across grain, exceptionally hard and tough. Penetrated 20.7 inches. 
White-pine target of 1-inch boards, spaced 1 inch apart. Penetrated 45.8 inches 
of pine. 
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At f500 yards raiige^ in the 8ame target, the penetration for the 0..'iO-<'alil)er rifle 
was 19.85 incheH of pine; for the 0.30-caIil)er carbine, 17.96 inches; and for tho 0.45- 
caliber Springfield rifle (lead bullet, 500 grains), 12.85 inches. 

At 1,000 yards range, in the saine target, the penetrations in pine were: 0.30- 
caliber rifle, 11.44 inches; 0.30-caliber carbine, 11.22 inches, and 0.45-caliber Spring- 
field, 8.44 inches. 

AUTOHATIO FIBEARM8. 

Experts seem to believe that the automatic firearm is the weapon of 
the future, and that ere long it will largely take the place of those in 
general use. As the magazine rifle was at first looked upon with dis- 
favor, so it was with the automatic. That the latter system is growing 
in popularity is shown by the fact that the German and Italian Govern- 
ments have already adopted a pistol of this type. Notwithstanding the 
arguments about the impossibility of "ammunition supply" and "con- 
trol of fire," the peculiar advantages of the arm under certain conditions 
have forced its recognition. 

The following description of Paul Mauser's automatic rifle is given 
in full: 

The principal object of this invention is to conHtriict a firearm which can Ik* fired 
normally at a prearranged low rate of fire and which can (juic^kly Ije change<l on the 
word of command and at a critical stage of an at^tion ho an to convert it into a ra])id- 
fire, automatic, or self-loading fireann. 

In the drawings fig. 1 is a side view of the firearm. Fig. 2 is a side view of the 
frame from the right Fig. 3 is a side view of the frame from the left Fig. 4 is a 
longitudinal section through the lock and magazine, showing the breech clostnl and 
the weapon discharged. Fig. 5 is a sectional plan view of the parts shown in fig. 4. 
Fig. 6 is a plan \'iew of the said parte. Fig. 7 is a cross section taken on the line 1 1 
in fig. 4. Fig. 8 is a cross section taken on the line II II in fig. 4. Fig. 9 Ls a setrtion 
similar to that shown in fig. 4, but shows the breech open and the hammer cocked. 
Fig. 10 is a sectional plan view of the jmrtij shown in fig. 9. Fig. 11 is a ))artial 
pectional plan view of the lock, showing the jmrts adjusted for rapid firing. Fig. 12 
is a cross section taken on the line III III in fig. 9. Figs. 13, 14, and 15 are end views 
of the safety catch, showing it in position for single loading, rapid firing, and IcK'king, 
respectively. Fig. 16 is a longitudinal section of portions of the lock, showing the 
hammer catch engaging with the hammer. Fig. 17 is a plan view of the hammer 
catch. Figs. 18 and 19 are detail views of the lock frame. Figs. 20, 21, 22 are 
7 detail views of the lock frame and barrel catch. Figs. 23 and 24 are detail views of 

the firing mechanism, showing the hanmier in its two positions. Fig. 25 shows de- 
tail views of the sear. Fig. 26 shows detail views of the sear pawl. Fig. 27 shows 
detail views of the barrel catch. 

The barrel a is slidable longitudinally in the stock 6, and y is a removable cover 
mortised to the stock 6 over the barrel and secured by. rings h' 6' and a cap c^ on the 
frame c. The front-end portion of the barrel carries a sight a^. 

The breech-bolt receiver a* is screwed to the rear-end jwrtion of the barrel, and a' 
are locking dogs pivoted to the receiver by pivots a* and engaging with recesses in it 
and in the breech bolt d when the breech is closed by the said bolt, as shown in fig- 
ure 5. The dogs are provided with projections a'" in front of their pivots and projec- 
tions a** behind their pivots. A magazine case or frame c is secured to the stock 
and is provided with shoulders c^^ and c". 
> When the receiver and barrel are moved forward the projections a** strike the 

shoulders c" and pass under them, so tliat the breech bolt is locked to the receiver, 
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as shown in fig. 5. When the receiver and barrel are moved rearward the projec- 
tion:- a'^^ strike the shoulders r'°, and the breech bolt is released fmm the receiver 
and is permitted to slide back in it, as shown in fig. 9. The breech bolt is i>re*<sed 
forward to close the breech by means of a spring <r, mounted on a spring holder d* 
and arranged on one side of the breech bolt. 

The breech bolt slides longitudinally in the receiver and d^ is the firing pin which 
slides longitudinally in the breech l)olt. A spring (P inside the front-end jiortion of 
the breech bolt engages with a screw thread on the firing pin and retracts the firing 
pin and i)revents it from projecting prematurely from the breech bolt. This Hjmng 
slides l>ack and forth with the said pin when the pin is taken out or replacied in the 
breech bolt. The spring is less liable to l)ecome lost when the firearm is taken apart 
and does not become stuck in the breech bolt and require si)ecial appliances for 
extracting it. 

A key (/* engages w4th slots in the breech lK)lt and firing pin and couples the said 
parts during the loading movements of the weajwn. The key is prea*5(Hl down by a 
spring (P, and its projecting head cP bears against the shoulder d}^ on the firing pin. 
The bottom of the key is inclined, and as the brein^h bolt is moved forward tlie I)ot- 
tom of the key strikes the projection e^ on the lock frame, which raises the said head 
clear of the shoulder and permits the firing pin to \>e driven forward in the bretH.^h 
bolt by the hammer against the pressure of the spring (P. 

A breech-bolt slide (/* is arranged in a slot in the right-hand side of the receiver 
a* and is provided with a knob «® for sliding it Iwick and forth. The said slide is 
provided with a projection a**, which engagi»s with a shoulder fP on the breech lH»lt. 
An automatic catch a'® is i>ivoted to the said slide by a pin </® and is i)rovide<l at its 
rear i)art with a ratchet tooth «" and a tapjKit (0'\ A push i)in a^ is slidable in the 
knob against the pressure of a spring f/', and the said push pin is ojxjratively (con- 
nected to the front end of the catch a^^. The catch is set so as to adapt the weaiK>ii 
for rapid firing or for single firing. When the tooth a'^ is arranged in the path of 
the shoulder (f, as shown in figs. 5 and 10, the breech lx)lt is ari-estM each tim<» it ia 
driven Imckward, and must subsequently 1k» release<l by pressing the push i>in, thus 
timing the weapon for single firing. When the said tooth is arranged out of the 
path of the said shoulder, as shown in fig. 11, the breech l)olt is not arreste<l, and 
the weapon is adapted for rapid firing. The adjustment of the catch is (effected by a 
safety catch /*, which is pivoted or screwed on a pin /' i>rojectiiig from tlie end 
plate /of the ret^eiver. The end plat^»/ is provided with projections which engage 
with grooves/' on the receiver, and it is held in position by a catch/'*. 

The safety catch haa a disk/*, provided with two deep notches/® and/*, and a 
shallow notch/' between the deep notches, for the tappet «" to engage with. When 
the safety catch is turned to the right, as shown in figs. 10 and 13, the tapi)et enters 
the deep notch/®, and the breech l)olt is arresttni at the end of etu-h rearward move- 
ment. When the safety catc^h is placed in its middle position, as shown in figs. 11 
and 14, the tapj)et engages with the shallow notch and the breech bolt is not arrested. 
When the safety catch is turned to the left, as shown in fig. 15, the tappet engages 
with the deep notch/* and the breech bolt is arreste<l, as before, and, in addition, a 
projection/® on the catch engages the inclined end portion (j^ of the hammer i'sitch g 
and thruste it forward. The })rojection also enters a groove in the frame c. 

The hanmaer h* is pivoted in the lock frame /<, which is supported in the frame c. 
The hammer catch slides in a lug tf on the under side of the receiver, and is pro- 
vided with a point (/*, which engages with a notch h^^ in the hammer when the ham- 
mer is cocked and the hammer cat<;h is pushed forward. A spring t/ is provided for 
retracting the hammer cAt<*h. When the hammer ca-t<;h and tlu^ safety catch are 
operated, the hanmier is locked to the receiver and the receiver is locked to the 
frame c, which is secured to the stock of the weap<.)n, so tliat the barrel can not slide. 

In order to retain the barrel (together with the receiver) in its rearward position 
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mdef)t*udent ui the safety catch, and after firing a shot, until the breech bolt has 
been niovtHl forward and has puHhed the cartridge at the top of the magazine into 
the barrel, a barrel catch vi {nee fig. 16) in pivoted on a pin ?//, arranged longitudi- 
nally in the lock frame h. This cAtch is moved laterally outward into a receHs a" in 
the rei'eiver by itn spring ?«* when the receiver is moved backward with the barrel. 
When the breech bolt is retracted, it locks the catch in the recess, as shown in 
fig. 12. 

AVheu the ]>reec5h bolt slides forward into the position shown in fig. .5, it moves 
past the barrel catch /«, which is then pushe<l laterally out of the recess by the 
receiver as it slides forward after the brt^ech bolt has completed its forward move- 
ment. Inclined surfaces 8 and 9 art^ provided on the catch vi and on the receiver at 
one end of the n?cess, so that the receiver-oi)erating meclianism overcomes the pres- 
sun* of the spring jn^. 

A pusher /i* is pivoted in the lock frame /*, and its uppt^r end l^ears against the lug 
^ and oi)erates to push forward the n»ceiver and Imrrel. A guide chaml)er // for the 
spring and pistons is arranged in the lock frame in an upwardly and forwardly 
inclineii position, and contains a spiral spring h^. A j)iston /<* engages with one end 
of the spring an<l operates against the hammer, and a piston A* engages with the 
other end of the spring and oi[)erates tigainst the pusher. The sear spring W is 
arranged in a chaml)er under the chamlx^r //. The sear sjiring bears against the 
sear pawl h^, which is articulated to the st^ar /t®. The sear has two guides ribs /t^'^, 
which slide in grooves A'^ in the lock frame (((ee fig. 19), and Ji^* are lugs in rear of 
the saiil grooves for the lugs /i'^, which project from the sides of the sear pawl, to 
glide on. 

The trig5?er V is pivoted to the trigger guard /, and is provided with a nose i^. This 
nose is noniially pushed upward and rearward by the trigger spring r', which is held 
against the top of the trigger guard by lugs /' projecting from the frame r. The 
trigger spring also holds the retrat^tible lx)lt i* in tmgagement with the bottom [tlate 
of the magazine. 

The magazine is arranged under tlu^ breech. The feed plate A*^ and the lx)ttom 
plate it* are provided with lugs k^ near their front ends, and A; is a zigzag spring 
arrangiKi in the rear part of the mtigazine and provided with forwanily projecting 
end f»ortioiLM which engage with the lugs k^. When the spring is used, the rear ends 
of the cartridges are raised higher and with greater j)ressure than their front ends, 
which is ver>' desirable in a rapid-fire AveaiK>n, as it insures the rear end of each 
cartridge l^eing brought to its position in the path of the breech bolt before the 
breech l)olt strikes it. 

The magazine frame or case c is connected to the st^)ck by l)olts or screws / /'', and 
the front portion <'* of tlie lock frame is placed over the rear wall r- of the magazine. 
The rear nose /• of the trigger guard engages with a projection c* on the frame c, and 
all the parts are finally secured l)y inserting the l)ottom plate of the magazme. 

The weajK)n is oi)erated as follows: When reij aired for rapid firing, the safety catch 
is j)laivd in its middle position and th^ breech bolt is drawn back by the knob «* 
until its front end is engaged by the stop P on the rear end of the cartridge-supply 
plate of the magazine, which has risen in front of the breech bolt under the action 
of its spring k, and the knob is pushed forward to its original i)osition. In drawing 
bac^k the breech bolt the hammer is cocked partly by the i)rojection a^^ on the breech 
bolt slide and partly by the shoulder (V* on the breech bolt. The magazine is then 
fille<l with cartridges by means of a cartridge holder of approved construction. 
When the empty holder is removed from the magazine, the breech bolt is pre8se<l 
forward by its spring (Z^, and the receiver and barrel are pressed forward by the 
pusher h^, so that the top cartridge is pushed into the barrel and the weapon is in a 
proper condition t^^) be fire<l. The weapon is fired by the trigger, which presses the 
sear pawl and sear forward by means of its nose. The hammer is disengaged when 
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the sear iH puslied forward and i» then operated by its spring A', so that it strikes the 
rear end of the firing pin and driveji it against the cap of the cartridge, so that the 
cartridge is exploded. The barrel and bret^'h Ixjlt first recoil together. The lock- 
ing dogs (by the lugs a" engaging the shoulders c*®, which forces out their rear ends) 
then unlock the breech bolt, which continues to move back under its required mo- 
mentum, and the barrel catch enters the recess a" and temporarily locks the barrel 
and receiver to the stock. The empty cartridge shell is ejected in the usual manner 
when the breech bolt is driven rearward. The rearward motion of the breech block 
also cocks the hammer, which is held cocked by the sear. The breech )x)lt having 
completed its rearward movement is at once pushed forward ])y its spring, and as soon 
as the breech bolt is clear of the barrel catcih the receiver and barrel are pushed for- 
ward by the spring-ojierated pusher, which overcomes the i)res8ur8 of the Imrrel- 
cati^h spring. The weapon can \)e fired as rapidly as the trigger can be pulled, the 
speed depending upon the skill of the operator. 

When for tactical reasons the rate of firing is to l)e approximated to tliat of a single- 
firing weapon, the safety catch is placed in the position shown in fig. 13. The for- 
wanl motion of the breech bolt is now arrested at the end of each recoil, and the 
breech l)olt can not moye forward until it haa btH?n released from the pivoted catch 
by pressing the push pin a^. As it takes a certain amount of time to operate the 
push pin before pulling the trigger, the rate of firing is diminished to a substantially 
predetermined extent. 

When blank cartridgt^s are fired, the breech bolt must Ije retracted by hand. 



GUNS AISTD MOUIfTS. 

AUTOMATIC MACHINE tiUNS. 

Under thi« head are classed weapons mounted upon field carriages, 
tripod and quadrupod mounts or fixed stands, in which the operations 
of loading, firing, and extracting the empty cartridge cases are suc- 
cessively performed automatically by a continuous and regular action 
of the breech mechanism. Such a gun may be of any caliber, may 
have one or more barrels, and should be so constructed that it may be 
worked bv hand. 

It is safe to say that no one gun of this nature has demonstrated any 
marked degree of efficiency over the rest of its class. 

France prefers the Hotchkiss type and a new model is now being 
issued. The new arm, which consists in all of thirty pieces, easily taken 
apart and put together again, is formed of a single barrel in front of 
a receiver, the mechanism of which, is said to be very simple. The 
ciirtridges are attached to a revolving brass band, which works auto- 
matically, each shot that is fired bringing the next one into position. 
The gun is provided with a butt, similar to that of an ordinary musket, 
which the point^^r rests against his shoulder. Its total weight, with- 
out supports, is 53 pounds. Two men are required to work the gun, 
one to load and the other to point and fire it. It is claimed that from 
500 to 600 rounds per minute can be discharged. Various types of 
mounts are to be used with this gun. For mountain service, a folding 
^ripod, to be carried on an animaPs back, is used; for field service, it 
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is mounted upon a wheeled carriage, having a shield and limber; while 
on board ship it is to be placed upon the usual pillar mounting. 

In Sweden a modification of the Nordenfelt by Captain Bergmann 
of that country has attracted the attention of its ordnance expeits. It 
is claimed that this gun is strongly built, its parts are few and quickly 
replaced, and it easily shifts from automatic to hand fire. The barrel 
is inclosed in a water jacket. The cartridges are carried in flexible 
metallic bands contained in boxes. Rate of fire (claimed) 600 shots 
per minute. 

Particulars are gradually becoming known of a new automatic gun 
of the Maxim type recently issued for trial to the German chasseurs. 
The caliber is the same as that of the infantry rifle and the same ammu- 
nition is used. The baiTel, to prevent overheating, is inclosed in a 
water jacket. The gun is carried by two men, but one is sufficient to 
train and tend the piece. Two men carry boxes containing small wheels 
around which the cartridge belts are wound. During rapid fire the 
belts unroll with great I'apidity; each holds 250 cartridges. This gun 
is designed for the purpose of keeping under a hot fire a small and well 
defined piece of ground. The maximum rate of fire (claimed) is 600 
rounds per minute. It can be adapted to a slow fire of 50 rounds. 

The English in South Africa are using both Maxim (of a different 
type from the above) and Colt automatic guns. At Chieveley, on 
February 13 last, two Maxim guns are reported to have janmied and 
it was necessary to take them out of action. The Colt guns, during 
this engagement, are reported to have worked well. This last weapon, 
on the Dundonald carriage, seems to have passed a satisfactory test. 

In Volume XVIII of General Information Series it is stated that the 
failures of the Colt automatic during the Spanish-American war led 
our War Department to institute a competitive trial of weapons of this 
class. The guns entered for trial were the Hotchkiss, Colt, Maxim, 
and Carr. All are said to have given excellent results, but the Colt is 
unoflScially stated as having been the favorite. The Carr gun, about 
which very little is generally known, was placed upon a tripod which 
was found to be too light, and it is understood that further tests will 
be given it. This gun weighs only 12 pounds and is fed from a drum 
containing 450 cartridges. 

In view of the fact that neither the results of these tests nor the con- 
clusions of the board that conducted them have been published, the 
following detailed report of competitive trials conducted in Sweden 
with automatic guns becomes of peculiar interest; 

FIRING TRIALS WITH AUTOMATIC GUNS AT VAXHOLM AND OSCAR-FREDRIKSBORG, 

SWEDEN, SEPTEMBER 26 TO 27, 1899. 

[Translated from the Swedish Artilleria Tidskrijt, No. 6. qf 1899.] 

The following types of automatic guns took part in tlie program laid down for these 
firing trials: 8-millimeter Nordenfelt automatic gun; 8-millimeter Madsen automatic 
gun; 8-millimeter Maxim automatic gun; 6.5-millimeter Maxim automatic gun. 
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The lajst-named two belonged to the Stockholm Ordnance factory. The 6.5-in.illi- 
meter Maxim gun was identical with the 8-nnllimeter Maxim, with the exception of 
three parts — namely, the barrel, the cartridge chaml^er, and the cartridge-feeding 
apparatus. 

The object of these trials was to compare the different automatic guns as to their 
accuracy of fire, effect of fire, sensibility to dampness and dust, durability and proiKir 
functioning. 

During the trials the automatic guns rested in the following mounts: 

The Nordenfelt in a folding tripod mount with elevating device, and apparatus for 
keeping the gun, when trained, in position during the firing. 

The Madsen gun, part of the time in a tripod mount and part of the time in a kind 
of casemate carriage which, during firing, was secured by means of screws to the 
stump of an oak tree. This carriage ha<l adjusting screws by means of which the 
gun, being given the i*equired elevation, could \)e kept in position; it also had a 
device for limiting the lateral training. 

The Maxim guns rested in field carriages with hand wheels for elevating and train- 
ing, and were equippe<l with devices for limiting the lateral training and for obviating 
the inclined |X)sition of trunnions. 

The following ammunition had been provided for the trials: 10,000 8-millimeter 
service cartridges M/89, and 3,500 6.5-millimeter servitH? cartridges M/94. The former 
had Swedish, the latter Gennan, cartridge cases. 

All the ammunition had been manufac^ture<l in 1897. Four thousand eight hundre<i 
and seventy of the 8-millimeter cartridges? and 1,440 of the 6.5-millimeter cartridges 
were used during the trials. Before the beginning of tlie trials all the cartridges the 
cases of which were cracked were taken out, so that only ^wrfect ammunition was 
used in the seven series which constitute*! the com{)etitive firing trials. 

Prior to the commencement of the firing, the men who were to handle the guns 
were drilled by the representatives of the respective gun factories in serving the guns 
(pointing and loading) , taking apart the breech, rei)lacing the firing i>in and spring, 
etc., and during the firing each of the guns was served by one and the same man. 

In accordance with the j)rogram, Series I and II wen*, to test the accuracy of fire 
at ranges of 200 and 400 meters, respectively. Each series consisted of 20 rounds of 
single fire and 20 rounds of rapid fire. Accurate jwinting was required in both 
series. 

A wooden target, 3 by 2 meters, divided into squares, was used. Before each 
series a certain numl^er of trial rounds were allowed. Although the target against 
which the firing was done was considerably larger than those used by the infantry 
when firing with rifles resting in tripods, not all of the 20 rounds fired hit "the target. 

The results of these two series are shown in the following table: 



8-mm. Nordenfelt 
8-mm. Madsen . . . 
8-mm. Maxim ... 
6.5-mm. Maxim.. 





Series I, l 




a— Hingl." fire. 




Vert. 


I^t. 




CJIl. 


an. 




2.5 
5.4 
3 

7.8 


2.3 




3.4 




1.8 




9.5 







h — ilapid fire. 



Series II, 400 meters. 



a — .Single fire, b — Rapid lire. 



Vert. 



an. 

6.7 

7.5 

14.5 

12.4 



DivefKence, 

I.Ht. 

cm. 

4 

5.2 

6.7 
15.4 



Vert. 
an. 


I Jit. 
an. 


VtTt. 


Lat 


an. 


an. 


3.8 


7.5 


7.5 


6.8 


(?) 


(?) 


8.3 


11.2 


6.5 


4.8 


(?) 


(?) 


(?) 


(?) 


(?) 


(?) 



The Madsen automatic gun is not adapted for rapid fire; hence Series 16 and 116 in 
this case consisted of lively single fire, which was as rapid as was possible, consid- 
ering the necessity of pulling the trigger for eaoh rountl. 
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By reason of the different moiintfl uswl, the result** nhown in the table do not p^ive 
an entirely correct idea of the relative merit of the different gum? on the question of 
diver^nt-e. 

Relative to the 8-millimeter Maxim, it was ascertained that in rapid lire the cones 
of divergence lie lower than in single fire. 

In accordance with the program, Series III and IV were fired at 400 meters. The 
wooden toilet, 30 by 1.8 meters, wj^s divideil into 50 squares. 

Before the beginning of Series III the guns fired sc^veral trial shots. The crews 
were also drilled in replacing the cartrirlge band, and were instructed in the manner 
of handling the broech mechanism in case it should fail to function owing to miss- 
fires^, jamming of cartridge case, defective ammunition, etc. 

The following table shows the results of these two series as to hits: 



8-mTn. Nordenfelt 
S-mm.MadNen ... 

S-mxu. Maxim 

6. .S-nim. Maxim . . 



Series III, i minute. 



Number 

of 
rounds. 



108 
47 
70 

148 



Number 
of hlta. 


Per cent 
of hits. 


95 


87.9 


26 


55.3 


40 


57.1 


101 


68.2 



S<mares 
bit. 



41 
20 
27 
41 



Series IV, 3 minutes. 



Number 

of 
rounds. 



410 

125 

1,087 

600 



Number ' Per cent ' Squares 
of hits, of hits. nit. 



328 
35 

572 ' 
308 I 



80 
28 
52.6 
51.3 



49 

18 
48 
48 



During the firing the following interruptions were experienced : 

IN SERIES III. 

With the 8-millimeter Maxim gun: Twelve seconds at beginning of firing, owing 
•o the fact that the mechanism stuck and the cartridge-fee<liiig apparatus did not 
'unction properly, because the cartri<lge belt had not been inserted correctly. Dur- 
ing the remaining three seconds the gun could not be gotten ready for firing. It 
would have required forty seconds to i>ut it in working order. 

With the Madsen gun: An interruption of about tliree seconds, owing to delay in 
exchanging the magazine. 

With the other two guns no internix)tions occurred in this series. 

IN SERIES IV. 

With Nordenfelt gun: Three interruptions of forty-nine, six, and fourteen seconds, 
respectively, all due to the fact tliat a cartridge dropiH^i from the l)elt by the rear 
entl, while the forward end stuck transversely, thus interfering with the forward 
movement of the cartridge belt. At the first interruption the cartridge had l>ecome 
jammerl in the opening designed for the cartridge belt, so that the mechanism ceased 
to function. The manufacturer's representative explained that the dropping out of 
the cartridges by the rear end was due to the fa(!t that the l>elt used at the trials did 
not holii the cartridges as firmly as tiie l)elts ordinarily used. Three interruptions 
of four, three, and two seconds, resix?ctively, due to missfires. Two interrupticmaof 
eleven and twenty-one seconds, respectively, in exchanging two cartridge l)elts. 
Moreover, the mechanism stuck six times, because the recoil spring was not strong 
enough to close the breech again. In a case of this kind, the same as in case of miss- 
fire, the mechanism is restored to working order by giving the hand crank one turn, 
which requires about a second. Total time lost as the result of the different disturb- 
ances mentioned, one minute and fifty-six seconds. 

With the Madsen gun: Two interruptions of three and four seconds, respectively, 
in exchanging the magazine. An interruption of fifty-nine seconds, due to the fact 
that at the Ixjginning of the firing the cartridge jammed in the cartridge chamljer, so 

25^7— No. XIX 9 
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that the breech mechanism could not be closed. The cartridge stack so tight that it 
could not be taken out by hand, but had to be pushed out from the muzzle with the 
cleaning rod. According to the statement of the constructor, the barrel has mini- 
mum cartridge chambers, to which the cause of the jamming of the cartridges must 
be attributed in this case; but during this series it happened nine times more that 
cartridges stuck in the cartridge chamber so that they could not be ejected auto- 
matically, but had to be taken out by hand. Total time of all the interruptions 
above mentioned, two minutes and twelvo seconds. 

With the 8-millimeter Maxim gun: Three interruptions of seven, six, and &ve sec- 
onds, respectively, in replacing the cartridge belt. Two interruptions of two seconds 
each owing to missfires. At the end of two minutes and forty-four seconds the 
spring of the flring-pin broke, so that the mechanism stuck fast, and the weapon 
could not be restored to working order during the time still remaining for this series, 
for it required three and one-half minutes to replace the spring of the firing-pin. 
Even if there had Ixien an extra breech, no more firing could have been done during 
the series, as it required alx)ut fourteen seconds to replace the breech. The total 
time con8ume<l by the interruptions above mentioned was thirty -eight seconds. 

With the 6.5-millimeter Maxim gun: Two interruptions of six and sixteen seconds, 
respectively, in changing the cartridge belt. One interruption of eighty-two seconds, 
due to the fact that in drawing the cartridge from the belt the projectile stuck cross- 
wise, and as a result the i)()wder penetrated into the l)ox of the breech meehanisni. 
This was reme<lie<l by removing the powder. Two interruptions of five and six sec- 
onds, reH]K»ctively, due to the fact that before the beginning of the firing the cartridge 
belt was twice handleii improperly. Total time lost by the interruptions above men- 
tione<l, ,one minute and fifty-five seconds. 

In order to test the automatic guns as to their sensibility to dampne^, the breech 
mechanism was opened before beginning the firing and water was squirted into it 
with a fire engine. The lx)x and cartridge belt were also sprinkled with water, 
whereupon the firing was commenced, while the squirting of water was still con- 
tinued. Not one of the automatic guns suffered any disturbances during this exper- 
iment; on the contrary, all hmctioned perfectly. 

The gims were further tested as to their sensibility to dust by sifting fine road dust 
into the mechanisms, having previously greased the latter. The breech was then 
closed, and dust was also scattered over the cartridge belts and the outside of the 
guns. Not one of them was affected by the dust, and the Nordenfelt and Maxim 
guns fired 200 and 250 cartridges, respectively — that is, the whole of the cartridge 
belt — without any interruption and with an even rapidity of fire. 

With the Madsen gun about 50 cartridges were fired without any other interrup- 
tion being experienced, except such as mentioned in former series. 

The guns were further tested as to their sensibility to dampness and dust com- 
bined by first sprinkling the mechanism and cartridge belt with water and then 
blowing fine dust into the mechanism and on the belt, whereupon the firing was 
commenced. 

During this experiment the Nordenfelt gun showed a perceptible decrease in the 
rapidity of fire after the first 30 rounds. The mechanism stuck, and had to be 
set in motion again by the hand crank. After that, with each revolution 4 to 5 
rounds were fired at first, later 2 to 3, and finally only 1 round, after which the 
firing stopped. When the gun had 1)een cleaned, which took three minutes, it was 
once more ready for firing; but after the first few rounds the mechanism stuck 
once more, and when the crank was resorted to the ramrod spring snapped. It 
required three minutes to replace this spring. 

In the Madsen gun the cartridges jammed in the magazine and cartridge chamber; 
in order to restore the gun to working ortler, the cartridges had to be removed by 
hand. After that a few rounds could be fired, but the mechanism functioned with 
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ever-increasing difficulty and finally failed altogether, as the ctartridges could no 
longer be introduced into the cartridge chamber. It required three minutes to 
restore the gun to working order. 

In the 8-millimeter Maxim gun the mechanism stopped after the first few rounds, 
the dirt preventing the cartridge-feeding mechanism from assuming its proper posi- 
tion. This was repeated four times during the series, and when, after this interrup- 
tion, the gun was once more made ready for firing by the use of the crank, only a 
few rounds could be fired with each revolution. After cleaning the gun, which took 
five minutes, and putting on a new cartridge belt, the weajwn was once more ready 
for firing. 

In the 6.5-millimeter Maxim gun the same observations were made as to this test 
as in the case of the 8-millimeter gun. 

In order to determine what influence crat^ked cartridges exertt^l on the different 
guns, cracked cartridge cases were placed in the cartridge belts in such manner that 
each third cartridge was defective. 

In the Nordenfelt gun the defective ammunition was of no influence. 

In the Madsen gun the projectiles when introducing the cartridges struck against 
the steep incline<l plane; and the cartridge cases bt^ing cracked, the projectiles were 
pressed into them and the former thereby widened to such an extent that the curt ridges 
could not be introduced into the cartridge chamber. 

The 8-millimeter Maxim gun was not affected by tlie defective anmmuition. 

In the 6.5-millimeter Maxim gun, however, the projectiles dropimd out of the 
cracked cartridge cases in several instances. This released the i)owder which, fall- 
ing into the ntechanism, caused it to stop. 

The committee in charge of the trials of these different automatic guns made the 
following statements: 

1. NORDENFELT AUTOMATIC OUN. 

1. As the mechanism consists of many parts connected with each other, the 
proper handling of this weapon requires specially well trained and skillful men, so 
that when the mechanism gets out of order the cause can be promptly asix3rtained 
and easily removed. The arrangement for holding the hand crank in position after 
turning it is not considered perfect, as the crank does not at once assume its projier 
position, and it requires too much time to get it into that position. 

2. The gun has at the forward end of the barrel a recoil jacket designed to give the 
gun sufficient recoil reinforcement. During the firing the inadequate strength of the 
recoil spring caused a disturbance which was difficult to overcome, Ijecause the elas- 
tic force of the spring should correspond to the force of the recoil. This feature, no 
doubt, constitutes a drawback to the system. 

3. As the ammunition of the 8-millimeter rifle M/89 is intended to l)e used also for 
the automatic gun, the barrels of the two weapons should l)e of the same length. 
The barrel in the latter case is 110 millimeters shorter than that of the 8-millimeter 
rifle, probably because it has been found that with a longer barrel the automatic gun 
did not function properly, in spite of the recoil reinforcement. 

4. The valve for the escape of the steam is in a bad position, as the escaping steam 
obscures the line of sight and exposes the gunner to the danger of Ixiing scalded. 

5. There was no opportunity for determining whether the water jacket can be 
refilled during the firing and while steam is escaping, since in Series IV the number 
of shots was not sufficient to cause the water to boil. 

6. The shape of the sights is not practical, and the front sight is too small as com- 
pared with the breech sight. The arrangement for setting the sight is goinl, but the 
spring is not strong enough to maintain the sight bar in an upright |x)sition during 
the firing. The sight is not movable laterally; the trials have demonstrated that 
this would be desirable. 
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7. The arrangement of the cartridge l)elt is not entirely faultleKH. The belt is 
made of metal, and for recharging it 8i)ecially constructed tongs are re<iuire<i in order 
to restore the proper Hlia|)e of the cartridge holders. The connecting links l^etween 
the cartridgti holders rust and break easily, being made of iron wire, and decrease 
the flexibility of the l)elt; the different parts of the l)elt get easily entangled and 
prevent the proper feeding of the cartridges. The empty cartridge belt requires too 
careful handling in order not to bend any part of it. The belts can not be connected 
with each other. 

8. No api)aratus is provided for inserting and cliarging the belts. This is deemed 
nei'essary. 

9. The inclinatit)n (jf the lK)ttom of the magazine is not sufficient, as it does not 
cause the upiKir i)art of the l)elt to lie in a horizontal p(XMition, and the cartridges slant 
downwani, which causes the belt to get easily out of order and renders it difficult to 
replace. 

II. HAD8EN ALTOHATU: UIJN. 

1. The gun is not adapted for rapid firing, so that it can only be used for single fire. 

2. Its mechanism consists of comjmratively few and simple parts. The inclin€?d 
plane, which is designed to introduce the jmint of the projectile into the cartridge 
chamlK'r, is too steep, and when the cartridge case is only slightly cracked the pro- 
jectile is presse<l into it. 

3. The o])ening from which the empty cartridge ciwes are ejected terminates just 
forward of the small of the 8toc;k, so that it might easily liappen that it is covered up 
by the gunner's hand. 

4. The barrel is surroundcjd by a steel jacket, without water, which therefore 
iKH-omes c^asily heated, so that it may burn the gunner's hand in the handling of the 
weai)on. 

III. 8-HILLIMETKU flAXIM AiTOHATlC CIUN. 

1. The same as in the Nordenfelt gun, the mechanism consists of many j^arta and 
therc^fore recjuiR's considerable knowledge and experience on the jiart of the jiereon 
handling it. The serving of the gun, however, is greatly facilitated and simplified 
by the fact that there are in the breech mechanism twenty parts which ca.n be easily 
exchangcHl. 

2. As a rule this gun does not have a recoil reinforcement, l)ut such a reinforce- 
ment has been i)rovided so that the rapidity of fire tan l)e increased, as has been 
demoristratcMl during thc^se trials. 

3. The j)oor re^^ult as to hits in the different series must l)e attributed to the fact 
that the gun moved too easily in a vertical direction during rapid firing, although it 
rested in a heavy and stcjady carriage. Perhaps this defect may also l)e attribut4?d to 
the fact that the l)arrel of this gun is still shorter than that of the Nordenfelt 
w^eapon. (/Sir Nordenfelt, jwir. 3.) 

4. The committee had no oi)portunity for ascertaining whether the water in the 
water jackc?t can l)e renewed during firing and- while the water is l)oiling, but it was 
found that after Series IV (three miiuites) about two-thirds of the water in the 
water jacket had evaix)rated. (The jacket holds about 3 liters. ) The remaining 
water had evai)orated comi)aratively rapidly during the different series, so that it 
appears questionable whether the gun would be able to do rapid firing for three 
consecutive minutes without having the water jacket refilled. Without water this 
gun can not fire more than a few rounds of rapid fire, as the barrel when firing for 
any length of time l)ec;omes red hot, then])ends, and finally is rendered unserviceable. 

5. The sight has no lateral motion. The spring of the sight bar is entirely too 
wc^k, so that the bar shakes when in a vertical position. 

6. The cartridge belt, which is made of webbing, has at each third cartridge com- 
paratively long brass points secured to the belt with two rivets. The ends of these 
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points bend easily and thereby interfere with the intrcxl action of the belt into the 
chamber. After being used for a certain length of time the cartridge belt« were cut 
by the forward shaq) edges of the (^rtridge (tises. 

7. Special apparatus was used for charging the cartridge belts, but care had to be 
taken to have the cartridges lie at equal distances in front of the belts. The belts 
can not be coupled together. 

IT. 6.5-HILLIHETER MAXIM AtTOMATIC UUN. 

The observations made by the committee relative to this gun were about the same 
as those made concerning the 8-millimeter Maxim, the only essential difference being 
that the result as to hits was better in the latter case than in the former. The 
6.5-niillimeter Maxim gun, moreover, becomes heated more rapidly and therefore 
consumes more water; besides, the projectiles get stuck in the belt more easily 
when cracked cartridge cases are used. 

The following table contains some miscellaneous data relative to the automatic 
guns under consideration: 





Cartridge belt or magttzine. 
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g-mxn. Nordenfelt 


200 

25 

250 

260 


21 

21 
21 


72 

• 73 
5» 


8 
4 

8 
8 


7 
i 
7 



3 

5 
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1.5 
3.5 
3.5 


2 


S-mxn. Madsen 


1| 


8-mm. Maxim 


i 


6.5-mm. Maxim 


\ 







» Mark =^80.238. 



- By one man. 



•'By two men. 



As to the practicability of these automatic guns employed in caneniate carriages 
for sweeping ditches, as also on board of annored vessels and in conueition with 
mobile defenses, the following may be stated: 



I. NORDENFELT ALTOMATIC GUN. 



As this gun, in the opinion of the committee, has not proved at the firing trials to 
be such a weapon as would l)e required for service in war, the counnittee deemed it 
unsuitable for the purposes above set forth. 

II. MADSEN AUTOMATIC »UN. 

What has been stated under **I" relative to the Nordenfelt gun api>lie5^, in the 
opinion of the committee, with even better reason to the Madsen weapon. 

III. 8-MILLIMETEB MAXIM AUTOMATIC GUN. 

Although the committee ascertained at the trials that the accuracy of fire of this 
automatic gun is not very great and that for firing for any length of time (three 
to fi\^ minutes) the water jacket is not suflliciently large, the committee was, never- 
theless, of opinion that this gun, in view of the good functioning of its mechanism, 
generally speaking, is a<lapted for sweeping ditches. It would be of advantage, 
however, if the accuracy of fire could be enhanced and the space inside of the water 
jacket increased or the cooling of the barrel effected by flowing water. 
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Concerning the employment of this gun on board of armored vessels or in connec- 
tion with mobile defenses, the committee was of opinion that it is adapted for such 
purposes only on certain conditions, which, in the opinion of the committee, are as 
follows: 

(1 ) That the accuracy of fire of the gun be increased in such manner as to make it 
equal to that of the same caliber infantry rifle. 

(2) That for continuous fire, lasting four to five minutes, the gun be provided with 
a sufliciently large water jacket. 

(3) That proper arrangements be made on board the armored vessel, so that dur- 
ing the firing the cooling of the gun can be effected by flowing water contained in a 
suitable receptacle. 

(4) That means be devised for preventing the steam from molesting the gunners 
in any manner and from interfering with the training of the gun; furthermore, that 
the escaping steam do not betray the location of the armored vessel. 

1?. 0.r».MILUMETEB MAXIM AUTOMATIC GUN. 

Since the accuracy of fire of this gun is inferior to that of the 8-millimeter 
Maxim, and since it is affected in a higher d^ree than the latter by the quality of 
the ammunition, and, finally, since the ammunition of the 6.5-millimeter gun, as far 
as the cartridge cases are concerned, is not as good as the 8-millimeter ammunition, 
the conmiittee w«w of opinion that the 6.5-millimeter gun is not suitable for any of 
the purposes in question. 

Besides the automatic guns referred to in the foregoing report there has also been 
some talk of the Colt, Gardener, and Skoda automatic guns; but as no very high 
opinion has at any time been entertained as to their serviceability, it is not surpris- 
ing that they were not included in these competitive trials in Sweden. It seems 
strange, however, that not a single trial has been made in Sweden of the Hotchkiss 
automatic gun, which has often been highly spoken of, although as yet it is said to be 
in service only in a few French battalions of Alpine chasseurs. 

In view of the simplicity of the mechanism, which feature the Hotchkiss automatic 
gun shares with our infantry rifle, and the fact that it is said to be in no manner affected 
by dust and rain, it would seem as though it were much better adapted for use as an 
auxiliary field w^eapon for our infantry than the Maxim gun, with its complicated and 
difficult mechanism. 

YICKERS'K 14-POU7rDEB 8-INCH SEMI-AUTOMATIC NATAL GUN. 

This gun, which is semi-automatic in its action, is illustrated by figures 
1 to 7, inclusive. 

The following is a table of the principal dimensions and some of the 
results obtained in trial: 

Diameter of bore 3 inches. 

Length of bore (50 calibers) 150 inches. 

Total length of gun. . ." 161.95 inches. 

Diameter of chaml)er 3.01 inc^hes. 

Length of chamber 27.76 inches. 

Maximum pressure in chamber 16.5 tons. 

Weight of charge 3 pounds 2.5 ounces. 

Total weight of gun, including breech mechanism ^17 cwt. 2 quarters 20 pounds. 

Muzzle velocity 2,650 foot-seconds. 

Muzzle energy 681 foot-tons. 

Perforation of wrought-iron plate at muzzle by Gavre 
formula 10.2 inches. 
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Perforation of steel plate at mnzzle by Gavre formala. 7.9 inches. 

Roundfi per minute 26. 

Weight of mounting, complaike, with shield 18 cwt. 21 pounds. 

Weight of shield 2 cwt. 1 quarter 9 pounds. 

Angle of elevation 20 degrees. 

Angle of depression 16 d^rees. 

The weapon does not differ materially from the 12-pounder used by 
the British naval brigades in South Africa, but it is larger, more 
powerful, and has a greater rate of fire, due to the semi-automatic 
action in loading, firing, and ejecting the cartridge case. The caliber 
is 8 inches, and it has a total length of 161.95 inches. During recent 
trials the gun developed an initial velocity of 2,650 foot-seconds and 
a muzzle energy of 681 foot-tons, with a maximum chamber pressure 
of 16.5 tons. This energy, according to Gavre's formula, is equal to 
perforating a plate of 10.2 inches of wrought iron, or 7.9 inches of 
steel. A longitudinal section of the gun is shown in figure 8, and 
consists of a tube reinforced by a jacket and hoop. The gun is with- 
out trunnions, and is fitted into a gun-metal cradle; this is fitted with 
trunnions which rest in the Y's of the mounting. Two combined 
hydraulic and spring buffers are attached underneath the cmdle, and 
the piston rods for these buffers are connected with the rear part of 
the gun. 
The special feature of the weapon, the firing and breech mechanism, is 
shown in figs. 4, 5, and 6. Attached to the rear of the cradle is a pistol 
grip, containing the trigger, and on the right-hand side (figs. 1, 2, and 
6) there is a lever by the movement of which the breech))lock is raised 
or lowered. Between the buffers underneath the cradle is a powerful 
flat spring (fig. 4) which works the breech mechanism. To prepare 
the gun for firing its first round, the breech is opened })y the hand 
lever, and by this movement a crank is turned, as shown in figs. 4 and 
5. This action brings down the breechblock and comprcssos the flat 
spring between the buffers. At the same time the pivot on the crank 
arm presses down the cocking lever, thus pulling the firing-pin to the 
rear and compressing the main spring. These parts are kept in motion 
by the action of the sear. The breechblock, in coming down, strikes 
the lower extension of the extractor and causes the upper portion of 
it to move out from the face of the end of the barrel and brings two 
small projections (shown by the dotted lines in fig. 5) over the upper 
edge of the breechblock, thus preventing it from rising by the action 
of the spring. In this state the gun is ready for acting automatically. 
The operator has but to slide the cartridge smartly into the bore. As 
it enters the powder chamber its rim strikes the extractor and forces 
back the projections which prevented the breechblock from rising. 
This is practically the only hand movement in the device. The flat 
spring already mentioned then acts and rotates the crank which raises 
the block until the breech is closed. The tail end of the sear is now 
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engaged with the toe of the trigger (ftg. 4), and by drawing thi 
pull to the rear the sear is released and the firing pin is thrown 
by the main spring. Upon firing, the gun recoils in the era 
the combined hydi*aulic and spring buffers return it to batterj 
As the gun returns, it acts upon the breech mechanism so as b 
the crank and thereby bring down the breechblock. The extn 
actuati>d by the fall of the latter; it first loosens the cartridge < 
a slow movement, which, rapidly increasing, ejects it to the ret 
The gun is now ready for another round. The cartridge is en 
when the breech closes and is secured automatically. To fire, p4 
trigger when ready. Twenty -six unaimed rounds per minute n| 
fired. The pointing and sighting is done by the man laying the 
who stands with his shoulder against the shoulder piece and his , 
hand on the pistol grip. 

NATAL liANDINd UIJNS. 

The following is a brief description of the 75-millimeter (2.95-ii 
Vickers-Maxim quick-firer, mounted and equipped as a landing | 
for the English navy. 

Of the gun itself little need be said. It is made entirely of st€i 
and at the breech end are three lugs, one for the breech mechanil 
and the other two for taking the piston rods of the hydraulic buffei 
It is constructed for firing fixed ammunition. 

The breech mechanism is illustrated by figs. 1 to 7, the latte 
showing the principal parts as follows: 

The threaded brecchblot^k, w^ith carrier attached to it, the first item 
on the lower row ; the opcmting hand lever, the third on the lower 
row; the firing-pin, the fourth on the upper row; the main spring, 
fifth; the guide plate, third; the extractor, in the center of the lower 
row; the locking bolt, at the top left corner; and the trigger sear next 
to it, with three axis pins to the right of the upper row. 

The advantages claimed for the mechanism are that a single move- 
ment of the hand lever opens or closes the breech; it can be taken 
apart and assembled without the aid of tools; the firing pin and spring 
can be changed by withdrawing the hand-lever axis only (the breech 
remaining closed) and, in case of a missfire, the firing-pin can be recocked 
by means of the hook, r/, shown in fig. 2. Contrary to the usual 
praetice, the breechblock is tapered or curved, as shown in figs. 2 and 
3, and its largest diameter nearest the chamber when in firing position, 
thus increasing the safety of the breech. The block is carried on a 
vertical hinge or carrier, pivoted in the side of the breech, and is 
inserted or withdrawn from the breech by one simple movement round 
a hinge. Consequently, it has no longitudinal movement in the car- 
rier. To give a clear swing to the block the opposite sides of the 
breech are cut away, as shown in figs. 3 and 6. The block is finnly 
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held in the carried by continuous threads on its rear, which fit into cor- 
responding threads in the carrier (figs. 2 and 3). A bevel-toothed seg 
inent, fitted to the rear of . the block, turns it about on its axis as the 
hand lever is drawn to the rear. The firing-pin is actuated by the 
spring shown in fig. 2. The cocking of the firing-pin is effected by 
cams as the block turns about its axis while opening the breech. A 
safety attachment prevents the pin being moved while closing the 
breech and until the block is fully home. The extractor is pivoted 
forward of the carrier hinge, and its action shown in figs. 2 and 3. 

The principal elements of the landing carriage and limber, shown 
in figs. 8, 9, 10, and 11 are as follows: 

Weight of projectile 12.5 pounds. 

Diameter of lx)re 75 millimeterH (2.953 inclieH). 

length of bore 31.6 inches. 

Length of gun, total 35.85 inches. 

Weight of charge 5 ounces 100 grains. 

Weight of gun and mechanism 236 }x)undH. 

Muzzle velocity 920 foot-seconds. 

Rounds per minute 12. 

Length of recoil in cradle 14 inches. 

Weight of carriage 602 ]x>unds. 

Diameter of wheels 36 inches. 

Width of track 1 32 inches. 

Angle of elevation 27 degrees. 

Angle of depression 10 degrees. 

Height of axle above ground 26 inches. 

Weight of limber, including 42 rounds 1,377 pounds. 

The limber consists of the following parts; The frame, ammunition 
chests, axles, and wheels. The frame, made of steel angles, is con- 
nected to the axle by clips and cotters, and is fitted with hooks and 
brackets for securing the chests. In front there is a bracket for sup- 
porting the pole, and at the rear a limber hook for attaching the trail 
end of the carriage. The ammunition boxes, two in number, are con- 
structed of brass tubes held together by a steel frame. These tu])es 
are internally of the same shape as the chamber of the gun. This 
prevents the cartridges being shaken during transport. Each box 
holds 21 rounds. The tops of the boxes are of wood covered with 
canvas, fitted with loops, staples, and straps for securing intrenching 
tools, etc., as shown in figs. 9 and 11. The Ihnber is fitted with a pole 
having a crossbar for man draught and a prop. The wheels on the 
carriage and limber are of the same size, and are therefore inter 
changeable. 

The other features of the gun and carriage appear to be so well 
illustrated that a more detailed description is unnecessary. 

Another gun for landing purposes, having a total length of 51.1 
inches, and firing the same projectiles, is also built for this carriage. 
With this latter weapon a muzzle velocity of 980 foot -seconds is ob- 
tained with a charge of 5i ounces. 



138 

CAPTAIN RC0TT*8 MPBOTIRED CARRUGE8. 

The necessity of a heavier field gun than the 15-pounders of the 
Royal Artillery became apparent early in the South African campaign. 
Captain Scott, of the Royal Navy, accordingly devised a field carriage 
for the 4. 7-inch navy gun. These guns and carriages were landed 
with the naval brigade in South Africa and played an impoi'tant part 
in the campaign against the Boers. 

The mounting for each of the 4. 7-inch guns consisted of four pieces 
of timber 14 feet long by 12 inches, arranged as shown in fig. 1. Over 
the center of this was placed the ordinary ship pedestal mounting with 
a spindle. The latter was then bolted through to a plate underneath 
(fig. 2). Thus the pedestal and timbers were securely bolted together. 
Next, the carriage was dropped over the spindle (fig. 3) and screwed 
down by its clip plate. Finally the gun, without shield, was mounted. 

The following instructions were then given for mounting the gun in 
the field: 

1. Dig a hole 14 feet square and 2 feet deep. 

2. Drop the platform into it. 

3. Ship the carriage and mount the gun. 

4. Fill in around timbers with earth. 

Subsequent experiments proved that it was not necessary to dig a 
hole. The platform was put down on a hard road and, upon firing, 
only a slight jump and recoil of the whole structure occurred. This 
was found to be an advantage, as it relieyed the strain. 

Captain Scott eventually produced a more mobile form of mount for 
the 4.7-inch gun. It consisted of a double trail, to admit of high- 
angled fire, attached to an iron axle and wheels. The latter (fig. 4) 
consisted of iron plates, with bushings for the axlctrees in the center. 
Around the perimeter of the plates angle irons were bolted on each 
side, and on the outside were shrunk iron tires. A few strengthening 
strips were then put on the plates. The double trail was secured to 
the axletree (fig. 6) and the carriage bolted to it. 

The 4.7-inch guns with General BuUer in Natal are fitted with tel- 
escopic sights, also designed by Captain Scott. 

A more complete idea of the construction of the mounts described 
can be obtained by an examination of the illustrations. 

The main features of Captain Scott's latest pattern of carriage for a 
4.7-inch gun are as follows: 

The trail is constructed of iron instead of wood. It requires no 
limber to support it. A single wheel, which can be easily unshipped, 
is placed between the double trail. This carriage admits of 24 degrees 
of elevation, and with the wheel unshipped a greater angle is obtained. 
The mounting weighs 1 ton and 17 cwt. Twenty men can pull it 
about. 



■aenvnit Inlomiallon Series, No. X13C 



_i_L 



"ITT 



r<i' 






I I 



I 'jj' l{jl| 7>/,.A-.„ 



F!1S 



r,j.3 



, l i:l I 'l l , 



F.g.t 



^^ 



f^oLTotccin <Scotts Jm-^roviseoi, Coorrux^e . 



General Infonnalioii SeritH. N'u. XIX. 



.7-INCH GUN ON TIMBER pmTFORM 




I IMPROVISED CitRRIAGE. 



139 

The principal elements of the 4.7-inch gun and its mount are as 
follows: 

Caliber 4. 724 inches. 

Weight of gun 2. 05 tons. 

length of gun 16. 2 teet. 

Length of bore, calibers 40 

Number of grooves.* 22 

Powder chaive 12 Dounds. 

Weight of projectile 46 pounds. 

Muzzle velocity 1, 786 foot-seconds. 

Muzzle energy 996 foot-tons. 

Muzzle perforation, iron 8. 5 inches. 

Gun sighted to 8, 000 yards. 

^Weight of cradle 15. 5 cwt. 

Weight of carriage 27 cwt. 

Weight of shield 21. 5 cwt. 

"Weight of breastplate and rollers 2 tons. 

Total weight of gun and mount on Ixiard ship 7. 25 tons. 

The guns now in use in South Africa on Captain Scott's mountings 
are as follows: One 6-inch wire gun on a traveling carriage; seven 
4.7-inch guns on traveling carriages; one 4.7-inch gun on railway 
truck; five 4.7-inch guns on platform mountings; twenty-four 12- 
. pounder 12-cwt. guns on traveling mountings; making a total of 38 
heavy guns. 

IfATAL PEDESTAL (KPBINU-RETITBN) HOUNT FOB ir>-€ENTDIETEB (o.Ol-INCH) R. F. KB17PP 

ClUN. 

Kpupp's naval guns of this caliber are mounted in two ways, in bar- 
bette (gravity-return) and in pedestal (spring-return) carriages. Fig. 
1 represents a 16-centimeter (5.91-inch) gun in a central pivot barbette 
carriage, which is shown only that its construction may be compared 
with that of the pedestal mount. Both systems can be used for rapid- 
fire guns of any caliber; The e^ssential difference between them consists 
in the manner in which the gun recoils and is returned to battery. 
In the gravity-return carriage (fig. 1) the gun, together with the top 
carriage upon which it rests, slides back upon the inclined slid(\s of 
the lower carriage, the recoil being checked, in about 2i calibers, by 
a hydraulic piston. The gun returns to the firing position by its own 
weight. The force of the recoil is absorbed by the recoil cylinders 
and also in driving the gun up the inclined slides. The lower carriage 
rests upon ball-bearings in the bed-plate which is bolted to the deck. 
These bearings are the most delicate part of the carriage, the most 
liable to injury during gun practice, and, at the same time, the part 
most difficult of access. That the gun should work properly they 
should at all times be kept scrupulously clean. In this mount the 
gun recoils, as we have seen, in a line parallel to its primitive axis, 
whilst in the pedestal mount it follows the line of the axis itself. 
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In conseqiienco of this the opening in the shield of the last-mentioned 
mount need T>e no larger than is necessary to permit the maximum 
elevation of the gun, while in the other the opening must be high 
enough to permit the ascending recoil. The protection afforded the . 
crew is much less complete, and this is especially so when the gun is 
mounted to admit of high elevations and the shield is in the form of 
a hood. In this case the opening in the roof of the shield must l>e 
made deeper. In the pedestal mount the shield is brought much 
nearer the trunnions and the area of the openings can thus be greatly 
reduced. 

In the pedestal type of carriage (fig. 2) the gun rests in a sleeve or 
jacket of bronze or steel, which is provided with trunnion bearings; 
this surrounds the gun to which it acts as a slide during the recoil. 
Guides prevent the gun turning about in its longitudinal axis in a 
direction opjX)site to that of the rifling. The recoil is checked by 
hydraulic cylinders and by return springs located in casings at both 
sides of the recoil cylinders. The coil springs in these casings are 
compre^ssed during recoil and automatically return the gun to batteiy. 
The cylinders of the recoil brake and of the recoil-return springs 
are generally attached to the cmdle and hence do not participate in 
the recoil of the gun. Their piston rods, however, are attached to a 
hoop or lug on the gun. In place of the springs a hydro-pneumatic 
brake may ]>e employed with especial advantage in guns of large cali- 
ber. Various positions are assigned to the recoil brakes and to the 
recoil-return springs of the pedestal mounts. When placed beneath 
the barrel (tigs. 2 and 3) they are less exposed to shot or shell. The 
sights in the pedestal mount, being fixed to the cradle, do not recoil 
with the gun. 

In the pedestal mount (figs. 2-7) the cradle rests in two arms of a 
fork (figs. 6 and 7). The yoke A, with its hollow pivot, turns in bear- 
ings })ushed with bronze. The weight is borne chiefly b}' the auxiliary 
pivot, which has slight lateral play and which plays upon an arched 
step bearing, y*. The pivot yoke is supported by ball bearings, the 
distance between the pivot and the step bearing being so regulated by 
the thread (/ that the auxiliary pivot alone carries the 3^oke and gun. 
In training the piece only the slight friction of the ball bearings has 
to be overcome. The screw (/ can be entirel}^ removed, without dis- 
mounting the gun, in order to repair or clean the ball bearings. The 
small size of the stand compared with that of the gravity-return car- 
riage effects a great saving in space and weight. The gun can be ele- 
vated to 30 degrees. That this may be done the pivot yoke is cut away 
at h. The arrangement of the trunnion boxes differs in construction 
from those in general use. They open toward the rear instead of the 
top, and are closed by a block, d (fig. 6), which is inserted laterally. 
This block is held in place bv the plates 5 and c. Among the ad van- 
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tages claimed for this carriage is the readiness with which the gun can 
he disuioiinted. To do this the exterior plated are taken off by remov- 
ing the bolts; the interior ones are withdrawn and the blocks d 
removed. Since the height of the latter is equal to the diameter of 
the trunnions, the gun and cradle can be removed from the carriage 
(without raising the gun) by means of a truck carriage to which the 
shackles on the sleeve have been attached. 

On the left side of the forked pivot (fig. 7) is bolted the flat arm i, 
to which the training and elevating gears are attached. The latter arc 
well shown in fig. 3. 

Different forms of shields are employed with this mount. That the 
gun's crew may be equally well protected in all positions of tniin, 
the shield should turn with the gun, and it must therefore be connected 
with the forked pivot. This may be done equally well whether the 
supports of the shield are angular or curved. By preference they are 
attached to the vertical arms of the fork. The small diameter of the 
pedestal permits the shield to be brought very close to the trunnions, 
and the opening is thus greatl)^ reduced. The slight spju^e remaining 
between the gun and the shield may be completely closed by a collar 
attached to the forward extremity of the cradle. 

The 15-centimeter (5.91-inch) guns installed in the Kalncr Fried rich 
III^ which are not placed in turrets, are on the spring-return pedestal 
mounts just described. 

THE 7.5-INCU (JUICK-FIRINU VICKKBS-HAXIH tiUN. 

A glance at the latest battleship designs is sufficient to show the 
gnat increase in the area protected from harm by rapid-fire guns. A 
little closer examination will reveal the fact that 6-inch guns, the 
largest quick firers in general use, are to be protected by as many 
inches of plate. This protection has created a demand for a heavier 
weapon — that is, one which can be fired rapidly and can successfully 
attack armor of the above-mentioned thickness. Accordingly, the 
English have produced a 7.5-inch gun, firing a 200-pound projectile, 
that can be fired six times a minute. 

The principal elements of this weapon and its mount are as follows: 

Diameter of bore 7.5 inches. 

Length 375 inches = 50 calibers. 

Total length of gun 386.7 inches. 

Diameter of chamber , 11 inches. 

Length gf chamloer 54.25 inches. 

Maximum pressure 17 tons. 

Muzzle energy 11, 825 foot-tons. 

Nature of charge Cordite. 

Weight of charge 50 pounds. 

Weight of projectile 200 pounds. 

Weight of gun and mechanism 16 tons 1 cwt. 
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Weight of mounting with shield 10 tons 14 cwt. 2 quarters. 

Thickness of shield 3 inches. 

Weight of shield 2 tons 1 cwt 

Angle of elevation 16 degrees. 

Angle of depression 10 degrees. 

Bounds per minute 6. • 

The gun is built up on the wire-wound systeni. From the above 
table it is seen that it develops a muzzle energy of 11,825 foot-tons, or 
730 per ton of gun, in conjunction with a rate of fire of six rounds per 
minute. 

The breech mechanism is of the standard Vickers type. The block 
is divided circumferentially into segmental portions in regular steps 
of varying radii. There are eight segments, and of these six are 
threaded, so that three-fourths (instead of one-half) of the circumfer- 
ence does work in resisting the pressure. This enables the block to 
be shortened by about one-third its length. The weight thus saved is 
added U) the muzzle. 

The mounting illustrated consists of a top carriage resting on a 
horizontal roller bearing upon a steel pivot. The gun recoils in a 
cylindrical cradle to which are attached three cylindens, one to over- 
come the recoil and the other to contain the springs which return the 
weapon to battery. The connection between these cylinders and the 
gun is made by arms projecting from the breech ring. The elevating 
and training are done by two handwheels placed near the shoulder 
piece against which the gun pointer leans. The loading gear is an 
interesting feature. It consists of a shot tray pivoted on the side of 
the cradle, so as to move with the gun when the latter is elevated, 
depressed, or trained. The tray is swung into position by hand. Fig. 
1 shows the tray in position behind the breech, with the projectile 
resting in it. 

TURRETS AND TURRET MOUNTS. 

ELECTBIGAIiLT GOKTBOLLEB TXHEtBETS. 

8CHNEIDEB-CANET. 

The first electrically controlled turret was installed on the CapUan 
Prat by the Creusot people. Since that time the system has been so 
perfected and has grown so in favor that it is now geneiully preferred 
to the hydraulic. 

From the moment that electricity began to be used to work the 
auxiliary machinery of modern vessels it was but a comparatively 
short time before this form of power found its place in working 
turrets. 

The advantages claimed for the Schneider-Cane t system may be 
summed up as follows: 
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1. Lateral training is insured by means of a hand lever placed within easy reach of 
the gunner, and which he moves in the direction he wishes to give the turret. This 
manoeuvre is of the simplest character and can be carried out by any untrained 
hand. 

2. The rotary speed of the turret is proportional to the extent of travel of the 
hand lever, and training can be effected at all speeds up to the maximum. What- 
ever be the rate at which the hand lever is worked, the turret always steadily 
revolves, and without shocks. 

3. The turret when revolving at full speed in one direction can be reversed at 
full speed in the other direction without injuring the system. 

4. The system is so sensitive that even the largest turrets can be turned through 
leas than one-twentieth of a degree in either direction, and to effect this no special 
mechanism is necessary. No mistake is possible in the manipulation of the working 
devices, and the gun can always be exactly sighted. 

5. The turret can be stopped suddenly without shock and without the weight of 
the moving mass exerting any local injurious strain. 

6. If through mistake the gunner does not stop the turret before the extreme 
limit for training is reached, that is to say, before it strikes against the mechanical 
buff ere, the system comes in contact with an electrical Imffer that stoi>s it automat- 
ically, while the connections return to zero under the action of a counteracting spiral 
spring. 

7. The working apparatus proper placed in the turret takes up but little room, 
thus ©ving more 8i)ace for the personnel; all the inside connections l)eing prepared 
separately the apparatus is easily jmt in place, and should it get injured in any way 
it can easily be replaced by a spare one, the making up of tlie connections taking 
but little time. 

8. All the Schneider-Canet electric turrete are so arranged that if for any reason 
the electric motor is not used, the various operations — the training and the ele- 
vating of the gun ^nd the hoisting of the ammunition— can be performed by hand- 
worked direct-acting cranks. 

The annexed plates illustrate a closed-in turret for two 12-centimeter 
(4.724-inch), 45-caliber, quick-firing guna of the Schneider-Canet 
system. 

The guns are fitted with one-motion breechblocks, arranged for 
firing both electric and percussion primers. A jacket with shoulder 
extensions surrounds the gun and carries on the sides two slides that 
support and guide it during recoil by bearing on the top surface of 
the string beams. In front of the jacket are buffers, and underneath 
is placed the recoil cylinder, in connection with which is placed a 
spring recuperator. The movable cradle consists of a front and i*ear 
collar and of two lateml string beams which unite them. During 
reox)il the gun slides in the frame thus formed; the trunnions are in 
front. The gun in recoiling draws with it the recoil cylinder, the 
piston remaining fixed. The liquid passes through an annular opening 
from one side of the piston to the other. The Belleville springs are 
compressed until the recoil is complete. They then relax and the 
gun returns to battery. 

The movable part of the turret is balanced on its vertic^il axis of 
rotation. The platform consists of a flooring of steel plates strength- 
ened by T -beams and by a ring made of angle bars; it carries the 
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pivoting column, which is in the shape of a truncated cone, and the 
roof. The guns arc elevated by hand; to this eflFect each of the out- 
side string beams is fitted with a toothed sector which engages pinions 
keyed on the same shaft with a helicoidal wheel worked by an endless 
screw. On this shaft is keyed the handwheel operated by the gunner. 
The lateral training mechanism is worked by electricity or by hand; 
in the former case the motor, which is placed in the front part of the 
turret, drives, through an endless screw, a helicoidal wheel that operates 
an inside gearing with differential motion. This gearing is keyed on 
a vertical shaft, at the lower end of which is a pinion that gears with 
two other pinions placed symmetrically, and engage the toothed circu- 
lar rack for lateml training. The gunner regulates the training at 
will. In the device for lateml training by hand power the men work 
two cranks placed one on each side of the mountings; these transmit 
power through a chain to a shaft fitted with an endless screw which 
gears in a helicoidal wheel that surrounds the differential gearing a})ove 
referred to. The helicoidal wheel opemtes the vertical shaft provided 
with a pinion which engages the circular rack for lateral training. 
The two mechanisms are absolutely independent one from the other. 

Amnmnition is raised to the top platform by means of a hoist placed 
in the centml tube. The hoist consists of two endless chains between 
which are held the buckets which contain the cartridges. During the 
raising motion the cartridges are guided by gun-metal slides placed on 
the w^hole height of the tul)e; the chains are, moreover, provided with 
crosspieces placed at the height of the cartridge cases. The chains in 
descending are also guided in a brass tube. The buckets are thus kept 
in position and remain always suitably placed for receiving the car- 
tridg(\s to be raised. The automatic feed of the hoist is insured by a 
device worked })v the chains and on which the men deposit the car- 
tridges, ii'or working the device, the chains are provided with suitable 
catches whi(!h act on a horizontal rack that sets in motion a pinion 
keyed on the shaft of the hauling-in arm; the latter consists of a forked- 
shaped lever which receives the cartridges in such a way that the 
bottom of the cartridge case rests first on a small roller placed between 
the branches of the fork, the point of the projectile bearing against a 
catch at the opposite end; this catch disappears when the fork-shaped 
lever is raised, the cartridge reaches a vertical position, slides down 
and rests in the bucket which is ready to receive it. The hauling-in 
device holds the cartridge until the bottom of the cartridge case enters 
the guiding tube; it then falls back to its original position to take up 
a fresh charge. When it has reached the top part of the tube, the 
cartridge is inclined while it passes through the opening provided 
beween the mountings by bearing on a roller suitably placed for this 
purpose; it then pivots around the bucket trunnions until it slides 
by gravity in the trough prepared to receive it. As soon as the car- 
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tridge hi%s left the bucket the bottom end of the latter strikes agaiust 
a fixed butt, which places it straight again, ready to follow the guide 
that surrounds the descending chain. The electric motor for working 
the hoist is joined to the central tube below the armored deck. It 
works a shaft through an endless screw and a helicoidal wheel that 
surrounds a set of differential gearing; this drives a shaft arranged to 
work another spindle placed at the lower end of the tube, and on 
which are keyed the pinions that drive the hoist. For opei'ating the 
hoist by hand power it suffices to turn the centml shaft by two cranks, 
the gearing above referred to transmitting the motion. 

ABMSTBOBtti 12-INCH TVBBET. 

A sectional elevation of the Armstrong design of a 12-inch turret 
for H. M. S. F</rinidaJ)l<i and class is shown in the iK'companying plate. 

The central ammunition hoists are contained in a cylindrical casing 
6 feet 6 inches in diameter, extending from the under side of the work- 
ing chamber to within 2 feet of the ship's bottom. This casing revolves 
with the mounting and contains a pair of shot hoists and a pair of 
ammunition hoists. The bottom of the casing is fitted with rails, on 
which a pair of bogies, carrying shot trays, can run. These arc 
arranged to be locked to the ship while being charged, and to the 
hoist casing while discharging into the shot cage. The projectiles, on 
reaching the working chamber, are automatically rolled out on an 
inclined trough leading to the gun hoists. 

In describing this mount the Eiujinei^" says: 

A new departure in this design is the loading of the guns at an elevation of only 
4i degrees. Tljere exists an impression that time can be saved if the guns can l>e 
loaded at any angle without coniing to a fixetl jxxsition. If, however, tlie l)ore has 
to be washed out after each n)und, it would have to be placed at about 4 <legree8 or 
5 degrees of elevation, to allow the water to run out of the chamlK»r. This, and tlie 
provision of something to catch the water, seems to make it desirable to place the 
gun on a stop at this position. On the comparatively rare occasions when more 
elevation is required the stop can be easily removed. 

The rammer G is of the chain type. That the English are by no 

means convinced that it is more efficient than the hydraulic rammer is 

shown by the following comment: 

This (chain ranmier) saves room in a tixe<l loading position by re<lucing the 
length of the oval barl)ette; but, a« now applietl to all round loading, its aci vantage 
is questionable. In the hydraulic rammer the machine is in the line with the work, 
and delivers a direct stroke in a straight line; there can 1h^ no advantage in convert- 
ing rectilinear motion into circular. Moreover, the hydraulic rammer is made up 
of few pieces, and weighs only one-fourth as much as the chain rammer of similar 
power. 

In spite of the above it appears from the following account of a 
recent gun-mounting trial that the Admiralty has decided to adopt a 
chain rammer, designed by the Elswick firm, for vessels of this class. 

2597— No. XIX 10 
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The Dnicl{fi\ experimental gunboat, left Portsmouth for the trial of the Armstrong 
mounting for the 12-ineh wire-wound Mark IX gun. Six rounds were fired, all at 
the horizontal ]x>sition; the first with a half charge, then two rounds with three- 
quarter charges, and three rounds with full charges. The mounting stood the test 
admirably, but at the sixth round the concussion caused a cracking of the plates at 
the bows of the vessel. The Drudge had to return into harbor for immediate repairs. 

The gun mounting is designed for the class of ship of which the Formidable is the 
type. Although similar in most respects to the gun mounting adopted for the Albion 
and Glory f some slight modifications have l)een made with the hope of still further 
increasing the rai)idity of fire. All heavy gun mountings up to the present have 
been arranged for their main loading position to l)e with the gun at the extreme 
elevation (13 J degrees); thus after firing it was necessary to lower the breech of the 
gun, and after loading to raise the breech of the gun from this iwsition. This double 
operation occupied a certain interval, and it is the object of the new design to omit 
this interval. The loading position is therefore fixed at 4 J degrees of elevation, this 
angle having l)een selected for two reasons. First, after firing it is the custom to 
wash out the breech with water in order to extinguish any hot material that might 
possibly have been left in the chaml)er after the previous round, and the chambers 
of the 12-inch guns are so formed that water will not run out of them at any angle 
less than 4 J degrees. Secondly, from 3 degrees to 4 degrees of elevation is considered 
to be the angle at which the gun will be most frequently used when it is required to 
fire it rapidly; hence to lay it at 4} degrees would re<juire practically no loss of time. 
The angle is also a convenient one for charging the gun, in that it allows the rammer 
to be snugly stowe<l away and the loading oi)erati()ns to be kept well in sight. It is 
also a convenient angle for the opening and closing of the breech screw, and the 
insertion and extra<;tion of the primer. 

The rammer is of the chain tyi)e. Such rammers have been for a long time pro- 
posed, but there have until recently l)een practical difficulties of carrying the idea 
into practice. The trial of a chain rammer, however, made at Woolwich and tried 
in the Royid Sovereign having proved successful, the Admiralty decided upon adopting 
these rammers for the Formidable class. Having formed this decision, they left the 
matter of design in the hands of the Elswick firm, with tlie result that a chain 
rammer of exceptional rapidity in working has l>een produced. The speed of ram- 
ming home and of withdrawing the rammers in the Ovsar and Illustrious was eight 
seconds, whereas the speed of similar movements in the Formidable class is to be 
reduced l)elow six seconds. As each round involves twice ramming — once for the 
shot and once for the powder — a greater rapidity of the rammers will save an interval 
of between three and four seconds i)er round. It is hojwd that the reduced loading 
angle will save a further interval of from seven to eight seconds per round. The 
Armstrong mountings in the Ovsar and Illustrimut already enable the guns to fire at 
inter\'als of 1 minute 42 seconds. 

In the Formidable mounting there are also improvements in the arrangement of 
the cage for bringing up the amnmnition, which may add slightly to the rapidity 
and will add to the efficiency tmd ease of working. A complete system of hand 
mechanism has been fitted to the Formidable mounting, so that the gun may be lifted, 
depressed, run in, or run out without any assistance from the hydraulic machinery. 
The motions will Ihj slow, and as the machinery for doing this is necessarily cumber- 
some it will not Ix^ definitely decided until after the trial whether this gear shall be 
adopted in the service or not. Many other details of the Formidable mounting now 
under trial are improvements on jirevious patterns. For instance, the arrangements 
for loading the shell into the cages have Ix'en very much simplified. 

It is learned that one of the novel features of this mount consists 
in a brush (sponge), ingeniously connected with the rammer, which, 
simultaneously with the loading, cleans out the powder chamber. 
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TLBBET MOUNT FOK TWO 12-INCH, 40-(;AUBKB, B. L. tiVNS. 

In view of the fact that the Department has decided to adopt a 
12- inch iO-caliber gun for our new battle ships and monitors, the 
following description of an English mount for guns of this class 
becomes of more than passing interest, and particularly so because it 
differs from those of our own design in many essential details. For 
instance, our turrets are electrically controlled and the rammers are 
opei-ated by the same power. 

The annexed plate illustrates a mount for two 12-inch, B, L., Mark 
IX, wire-wound guns manufactured by Messrs. Vickers, Sons & Maxim. 
The gun is 40 calibers in length, and fires a projectile of 850 pounds 
with a cordite charge of 212 pounds. 

The mounting is composed of the following principal parts: 

1. Turntable, shell chamber, trunk, and other parts of the revolving 
structure. 

2. Training gear. 

3. The gun mounting, including elevating and sighting gears. 

4. Ammunition hoisting gear. 

5. The gun shield. 

The turntable is built up of steel plates and angle irons, and is 
arranged to rotate on a live roller ring, for which suitable upper and 
lower paths are provided. The lower path is fixed to a structure 
separate from and within the barbette wall, and thereby will not be 
affected by any distortion of the latter. 

The shellchamber is attached to the under side of the turntable and 
revolves with it. 

The trunk is attached to the floor of the shell chamber, and revolves 
with it and the turntable. 

The rollers are provided with flanges at both ends to take the hori- 
zontal thrust, and are bound together by a ring, to which the roller 
axles are secured. 

The training rack is attached to the turntable and gears with the 
training pinions, which are actuated from below. 

The turntable is arranged to be rotated either by hydraulic or hand 
power, and provision is made so that only one form of power can be 
in operation at one time. 

For training by hydraulic power, two 3-cylinder hydraulic engines 

are provided, which may act either in conjunction or separately. They 

are situated in a compartment inunediately below the shell chamber, 

and are controlled from the sighting stations. 
The mounting consists essentially of a gun slide formed by a pair 

of girders built up of steel forgings, plates, and angles, provided at 

the front end with two trunnion plates and at the rear end with a pair 

of recoil cylinders. The gun cradle is fitted vrith grooves, into which 

the^gun is securely keyed, and it is aiTanged to travel in the upper 
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surface of the gun slide girders. Two trunnion brackets are provided 
with removable trunnion pins on which the gun slide is pivoted, and 
around which both gun and slide rotate when elevation or depression 
is given to the gun. The hydraulic running out and in cylinders are 
placed conveniently between the two slide girders, one at either end, 
and have a single ram working between them, which is secured in a 
simple manner to the gun cradle. This ram, which is hollow, is pro- 
vided with a non-return valve at its rear end. When the gun recoils, 
the water in the rear cylinder is forced first through the non-return 
valve mentioned and passes intg the front cylinder, the valve being 
loaded to a working pressure slightly higher than the pressure in the 
hydraulic main, so that when water under pressure is admitted to the 
rear cylinder the valve will not open. The ram will in this condition 
be to all intents and purposes solid, and the hydraulic pressure acting 
on it will run the gun out after firing. The rear cylinder is, under 
usual conditions, always open to hydraulic pressure, so that the gun 
is run out automatically to the firing position. An intercepting' valve 
is fitted on the hydraulic connection, which effectually prevents any 
pressure generated in the run-out cylinder during recoil from passing 
into any of the hydraulic connections. 

The alternative method for running the gun out after firing is purely 
mechanical, and consists of a train of gearing connected to racks at- 
tached to the gun cradle, worked by hand or by power from the cham- 
ber l)elow the gun, a handwheel at the rear of the mounting serving 
to connect or disconnect the gear from the racks. The usual hand 
lever for working the gun by hydraulic power is used as an indicator 
or telegraph to the chamber below, so that the operation on the gun 
platform is identical whatever method of working the gun is employed. 
The same system is used with the elevating gear ; two toothed arcs 
attached to the underside of the gun slide are moved by a train of 
suitable gear worked by hand and by power, also from the chamber 
below. With this gear, however, an ingenious system of disconnec- 
tion is used, so that it is not necessary to unclutch or disconnect the 
arc pinions when working by the usual hydraulic service. This is so 
arranged that the hand power is always connected up ready for work- 
ing when the hydi-aulic pressure is shut off from the elevating presses, 
but it is automatically released the instant the pressure is turned on. 

Automatic sighting gear is provided on the gun mounting, and is 
arranged in duplicate for each gun. 

For loading the gun at any angle of elevation, an arm is attached to 
the rear of the gun slide, and extends sufficiently far to the rear to 
support the rammer apparatus clear of the recoil of the gun. The 
apparatus consists of a i^ammer head with guiding stem, a chain flexi- 
ble in one direction only being arranged to work over a sprocket wheel, 
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with a hydraulic motor to rotate the sprocket wheel. This is so ar- 
ranged that the rammer head is always in line with the bore of the 
gun. The chain is guided in a casing fixed to the underside of the 
slide girder and works practically without noise. To avoid shock 
when the rammer is withdrawn, a hydraulic buffer serves to cushion 
the rammer head and bring it gently to rest. A loading tray, provided 
on a horizontal axis below the breech, enters the gun automatically by 
the assistance of the ammunition cage, and is arranged to withdraw as 
the cage is lowered. The cage carries the usual service projectile of 
850 pounds in an open tray and a service charge of 212 pounds of 
cordite, either in half or quarter charges, in a compartment at one 
side of the tray and partly above it. The cage moves up and down 
upon rails leading from a closed chamber below the gun. These rails, 
within the limits of the gun's angular movements, are concentric with 
the tiomnions, and the cage is consequently, within this limit, always 
in the same line as the bore. It is arranged to abut against fixed stops 
on the arm attached to the gun slide by an ingenious system of simple 
hydraulic press connections, and when in this position it is always com- 
pelled to follow the movement of the gun. It is, moreover, locked in 
this position by an automatic bolt as soon as the rammer head begins 
to move forward, and continues so until the rammer is completely 
withdrawn. When the cage is in the lower position for charging in 
the chamber below, it is locked to the ship's structure, all slackness of 
the hoist rox)es being completely avoided by the system of hydi-aulic 
press that has ah*eady been described. 

The mounting is inclosed by a shield securely attached to the upper 
floor of the turntable by suitable plates and angles. The front and 
sides are sloping and circular in plan. The rear part is extended to 
provide space for the gun's crew, and also serves to balance the mount- 
ing. The opening between the shield and the barbette wall is made 
water-tight by means of a flexible leather apron, which may be ad- 
justed by means of screws. 

There are two sighting hoods and one lookout hood at the rear. 

The principal advantage claimed for this mounting is that the gun 
can be loaded in any position of elevation or depression, either with 
the gun at rest or in motion. The gun can always be kept pointed at 
the target, as it is not necessary to alter its position, either vertically 
or horizontally, in order to load. In other words, the weapon is not 
brought back after firing to a fixed loading position, as has heretofore 
been the case, and the time required to load is therefore materially 
reduced. 

Under date of April 24 last appears a report to the effect that, dur- 
ing the tests to which this mount has just been subjected, "^ two rounds 
were fired in fifty -one seconds." 
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FRENCH TUBBET FOB 340-HIIiIiIHETEB tillN. 

The annexed plate illustrates the turret mechanism for a 340-milli- 
meter (13.386-inch) gun of the French battleship Marceau^ constructed 
in the artillery department of the Soci^t^ des Forges et Chantiers de 
la Mediterrande, Havre, before its acquisition by Schneider & Co. 

This mount differs from anything of the kind that we have in our 
own service, in so much that the turret armor is built into fhe ship 
and remains stationary. 

The gun is connected with the movable carriage, which constitutes 
the mounting proper, by a tongued and grooved ring which surrounds 
the breech end. The carriage rests on shoes forming clamps on the 
side paths of the main beams of the mounting, which consists of two 
vertical parallel cheeks, strongly stayed together. The recoil is taken 
up by two hydraulic cylinders, which act at the same time as controll- 
ers in returning the gun to battery. The whole system rests upon a 
moveable platform to which is connected the vertical tube through 
which the amnumition is hoisted. This tube extends through the pro- 
tective deck and to the magazines. Figure \ (a horizontal section 
through A B, fig. 2) illustrates the hydraulic c^dinders, which, by 
means of a plate chain, rotate the gun and its platform. The gun 
mounting and its mechanism is protected l)y fixed armor, and also by 
a high structure which turns with the movable platform. The gun- 
ner's stage, surmounted by a light shield, is shown in figs. 1 and 2. 

For elevating the gun, the slide pivots round its trunnions in front, 
the trunnion plates })eing fixed to the movable platform; the latter 
rests, with the interposition of a ring of rollers, on the fixed cinudar 
path ])olted to the upper deck. Elevation is obtained by means of a 
hydraulic cylinder, the piston of which, placed under the slide, causes 
the whole of the mounting to rise or fall; a valve chest with a lever, 
within easy reach of the gunner, is suitably arranged for obtaining the 
required actions. The lateral training mechanism (»onsists of a toothed 
ring fixed on the tube (see fig. 4) and surrounded on half its circum- 
ference by a plate chain. Pulleys are mounted on the ends of the 
piston rods of the two hydraulic parallel cylinders, and ai'ound these 
pulleys the chain passes. When one of the cylinders is opened to the 
pressure, the other is free to the exhaust; so that when one ram is 
protruded, the other is withdrawn to an equal amount. Lateral train- 
ing, therefore, is obtained b}^ putting one or the other of the two 
cylinders in connection with the accunmlator, according to the direc- 
tion of rotiition required. The valves are worked by a handwhcel 
controlled by the gunner; a special mechanism operated by the same 
handwhcel causes a continuous revolution more or less quick, one way 
or the other; the rohiting movement stops when the handwhcel is 
relea,sed. 

For loading, the gun is elevated to its highest angle. In this posi- 
tion its center line corresponds to that of a hydraulic ranmier, with 
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a telescopic ram carried on the turret platform; this rammer servos to 
drive home the projectile and the two half cartridges. The charge 
holder is of the same form as that already described; it has three tubes 
mounted on an axle, placed, when in position for loading, at the same 
angle as the gun; a partial rotation through 120 degrees brings the 
projectile and the two half cartridges successively opposite the breech; 
an automatic latch bolt fixes the barrel in the required positions. The 
charge holder is worked by two hydraulic pistons, the cylinders of 
which are placed vertically in the tube, near the guiding slides. The 
two plate chains are fixed at one end to the head of the piston rods 
and at the other to the plate which supports the charge holder. The 
plate is also guided by two slide shoes which travel in the slides fitted 
to the tube. The charge holder is mounted on a truck which renders 
it movable in its support and which is fitted with two rollers that 
travel in vertical slides; these are made to branch off at their top part. 
This arrangement forces the truck to travel first vertically, and when 
it nears the breech to slide back so as to take up a suitable position 
for the loading of the gun. At the lower staging the operations fol- 
low each other thus: Cranes raise the projectiles and half cartridges 
to the height of the lower deck, from where they are taken by a set of 
tackle that travels on a circular lino made concentric with the ammu- 
nition tube. The tackle discharges in a cradle fitted to the lower part 
of the tube; the charges have then only to be slid in their compart- 
ments in the barrel. The gun can be loaded, whatever l)e the position 
of the firing platform. 

NAVAL MOKTARS. 

M. de la Porte, deputy, in his report on the general })udget of the 
minister of marine for 1900, states that, in his opinion, France's 
objective in a naval war would be double, first, the mobile defenses of 
the coast combined with an offensive, within a small radius of action, 
by means of torpedo boats and submarine boats perhaps assisted by 
'inoTtar gui\boaU; and, second, commercial war carried on by numerous 
rapid cruisers of a great radius of action. He hopes that the experi- 
ments made with the Dn^agmine as a mortar gunboat will be successful. 

This calls attention to a type of naval weapon, a breech-loading 
mortar, designed by the Schneider-Canet Company, for installation 
upon amsos-^mortievB^ should the French Government decide to build 
vessels of this class. 

Figures 1 and 2 illustrate a 16-centimetcr (5.905-inch) breech-loading 
mortar on a central-pivot mount, some of the elements of which are as 
follows: 

Weight of mortar 480 kilogramfl (1,058 pounds) . 

Weight of mounting 2, 700 kilograniH (5,950 i)oun<is) . 

Weight of projectile 40 kilograms (88 ])()un(ls) . 
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Muzzle velocity in nervice 200 meters (666 feet) . 

Elevation 5 degrees -\- 60 degrees. 

Training 360 degrees. 

The gun is fitted with a breech mechanism of the two-action type. 
To the rear is screwed a recoil jacket to which is attached the head of 
the hydraulic recoil piston. The housing is provided with trunnions, 
and consists of a cylindrical body in which the mortar slides and of 
a hj'di-aulic recoi^ cylinder with constant resistance. The piston is 
held ])y the recx>il jacket, and a counter rod is provided of a slightly 
larger diameter, which, by penetrating into the cylinder during recoil, 
forces part of the liquid to flow into the recuperator. The latter is 
placed outside of the right slide bracket and consists of a vertical cyl- 
inder in which moves a double diaphi-agm, combined with a set of 
springs. Communications between the recuperator and the recoil 
cylinder is made by a pipe passing through the right trunnion of the 
housing. A loaded valve placed on this circuit is i*aised as the gun 
recoils and it falls back in its soAt as the recoil is spent. The liquid 
returns by flowing through small vents cut in the valve seat, and the 
mortar runs out slowly under the relaxing of the recuperator springs. 
To the left side of the recoil cylinder is attached the I'ack for elevating 
the mortar. 

The slide consists of two brackets, with stiffening ribs, strongly 
bolted together. Its lower part forms a circular plate, round which is 
the racer which carries the balls for facilitating the rotaiy movement; 
in its center the plate is in the shape of a vertical cylinder which fits 
on the fixed pivot of the bolster. The slide is provided with lugs and 
clamps for setting the mechanism in any position. The bolster, on 
which the slide rests with the interposition of the set of balls, is fitted 
with a circular rack for training the weapon and with a ring plate in 
the holes of which the foundation bolts are placed. Its central part 
forms the fixed pivot. 

A handwheel for elevating the gun is on the left of the slide. It is 
trained by a second handwheel slightly to the rear of the preceding 
one. 

This mount takes up but little room. 

Figure »3 illustrates a 22-ccntimeter (8.661-inch) mortar, the principal 
elements of which are as follows: 

Weight of mortar 3,500 kilograms (7,714 pounds) . 

Weight of moimting 11 ,600 kilogramn (25,566 pounds). 

Weight of projectile 116 kilograms ( 255 pounds) . 

Muzzle velocity in service 300 meters (984 foot) . 

Elevation —5 degrees -f 60 degrees. 

Training 360 degrees. 

The official report of the firing trials of the Dragoim4^^ with a mortar 
of the type described, has not been published. It is stated, however, 
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that two series of experiments were' conducted, the first, at 5,200 
meters, against an elevated battery; and the second, at ranges vaiying 
from 1,500 to 300 meters, against an old hulk, the Panama^ which was 
hit once on the water line, at a distance of 400 meters. 

PROJECTILES. 

With each radical change in the method of manufacture of armor 
plate by which, by various face-hardening and toughening processes, its 
resisting power haa been greatly increased, we find an effort made to 
produce a projectile that will attack it successfully. These efforts 
have not been wholly unsuccessful. In distributing the credit, how- 
ever, for the most recent performances of projectiles against face- 
hardened armor, the great increase in the energy developed by the 
latest type of the modern rifle must not be forgotten; and, if practi- 
cable, the proper share of the work done by the gun should be assigned 
to it. Leaving the gun out of the question, the effectiveness of armor- 
piercing shell has been greatly increased by the so-called cap, which 
is secured to the ogive to protect it upon impact with the hard surface 
of the plate. Experiments have proven that with capped projectiles, 
the velocity remaining the same and with the impact normal to the 
plate, an increased thickness of from 15 to 20 per cent of metal may be 
perforated. Various reasons have been given for this, the most accept- 
able being that the initial shock is given the plate by the soft cap, 
which, while it protects the hard point of the projectile, weakens the 
hard surface of the plate and prepares it in a measure for the entrance 
of the projectile proper. Caps seem to be gaining more and more in 
favor and are now used in the navies of Russia and France as well as 
our own. There is an objection to capped projectiles which it may 
be well to mention. In case the cap should become detached from the 
projectile while the latter is still in the bore there is great danger of 
the gun bursting. Effective means can of course be used to secure 
the cap firmly, but when the manufacture is carried out on a large 
scale it is difficult to obtain full guaranty in this respect. 

The cap of the French naval shell is put on in a heated state. It 
extends down over three-fifths of the ogive, as shown in figure 1. 

The type of projectile which was formerly in common use, the cast- 
iron shell, has, owing to the general introduction of secondary armor, 
lost much of its importance. A steel shell has taken its place. This 
is called a semi-armor-piercing shell; it has a solid point and a percus- 
sion base fuse. This projectile, owing to its comparatively strong 
construction , possesses a power of penetration estimated at three-fourths 
of the armor-piercing shell. Its effectiveness is increased b}^ the large 
bursting charge. The absence of a bursting charge from the armor- 
piercing shell makes the latter a special projectile. 
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Every eflfort is being made to construct a type of shell that will burst 
after penotinting modern armor of comparative!}' great thickness. 
This is the ideal missile. 

In France attempts have been made to increase the effect of a burst- 
ing shell against armor by providing the ogive of the former with an 
ingeniously constructed cap. This {^see fig. 2) consists of two parts, 
one of soft steel, which is screwed to the ogive and has a screw- 
threaded hole into which the fuse is screwed, and a point of hard 
chrome steel, which is screwed to the outside of the soft cap. Whether 
or not this cap accomplishes the desired effect does not seem to be gen- 
erally known. 

The destructive effect of w Imrsting shell dejjends on the power of 
the explosive it contains. 

The high explosives now (»mploved are usually of a picric-acid prepa- 
ration or of wet gun cotton. To the former type belong the English 
lyddite, the French melinite and kresylitc, and the Austrian ckrasite. 
In Germany and Italy a wet gun cotton is used. That melinite is 
regarded l)y the French as sensitive and dangerous is evidenced by the 
minuti*, regulations which have been issued for its care and handling. 
Lyddite, used in the English high -explosive shell, is claimed (by the 
English) to be safer and more powerful than melinite. It is siniph'^ 
picric acid brought into a dense state of fusion. The shells are coated 
inside with a special varnish and the melted acid poured into them. 
This requires a strong detonator or, in other words, a powerful primer. 
It is said that the English have adopted a primer of picric powder, 
which consists of two parts of ammonium picrate to three parts of salt- 
peter, mixed in much the same way as ordinary granulated gunpowder. 
The composition is ignited by the usual service fuse. Lyddite was 
first iLsed in actual warfare at the battle of Omdurman, where its effects 
are reported to have been terrifying; the mere shock of the bursting 
of a shell killing or disabling anyone within a i-adius of 40 or 50 yards. 
If recent reports from South Africa about the lyddite shell be true, 
the area of its destructive power has been greatly exaggerated. In 
this connection it may be well to state that lyddite, like all other of 
the so-called high explosives, is more or less unreliable. When its 
combustion has been complete a black smoke is given off, but when 
fumes of a greenish hue are seen to arise, it is a sign of incomplete com- 
bustion, and, in consequence, that the force of its explosion has been 
considerably reduced. The English authorities apparently have great 
confidence in lyddite. When used against field artillery and bodies of 
troops in the open, the moral effect of lyddite shell is enormous. 

Figure 1 is a section of a cartridge case for an English 3 or 6 pounder 
R. F. gun. The charge consists of a bunch of cordite folded back, as 
indicated in the illustration. A small ])lack-powder charge, contained 
in a bag, is attached to the cordite and servos as an intermediary 
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between it and the primer. A pasteboard cylinder is placed between 
the projectile and the charge and holds the latter against the base of 
the cartridge case. 

The cases for the 12-pounder, 4:.7-inch, and 6-inch R. F. guns have 
at their base a hole into which is screwed a carrier to receive the per- 
cussion cap. 

Figure 2 represents a 6-inch cartridge cAse charged and primed. 
The cordite arranged in bundle>s is partially enveloped in a l)ag. The 
4. 7-inch case is arranged in the same manner. In these cases the car- 
tridge bag has a poi»ket at the bottom which receives the black-powder 
charge, inclosed in a small bag and surrounded by a cylinder of cordite, 
a. The ceases are closed by a white-metal cover, 5, formed of two sold- 
ered disks, between which a lubricating substance is introduced. A felt 
packing, ^, is interposed between the charge and the cover. 

Figure 1 is an illustration of a shrapnel for Krupp's R. F. field 
gun, caliber 7.5 centimeters, model of 1899. It is a steel base- 
chamber projectile, in which hard-lead bullets are secured in position 
by an infusion of rosin. The inner face of the steel core has at the 
front end a screw thread for the fuse-hole box, which is kept in posi- 
tion by a rivet screw. The inner screw thread of the fuse-hole box 
receives the screw plug, while its forward cone-shaped recess acts as a 
base for the lower face of the fuse plate. The centering of the pro- 
jectile is accomplished in front ))y a slightly arched pad and at the rear 
by a copper ring, the profile of which in its forward part is also slightly 
arched. The bursting charge consists of fine-grained black powder. 

The fuse {nee figs. 1, 2, and 3) is a combination time and percussion 
fuse, similar in its action to the one in use in our own service. The 
peculiar feature of this fuse rests in the fact that all of its larger metal 
paits are of aluminum alloy, and in consequence it is very light. 

The brass cartridge case is of the usual shape, slightly conical and 
tapering at the forward end, with projecting base rim, screw plug, and 
cartridge cup. 

The powder used is Duneberg tubular powder (German patent) of 
the Cologne-Rottweiler powder factories. As to its chemical compo- 
sition, it belongs to the nitroglycerin powders. 

DATA. 

1. Shrapnel: 

Length without fuse, 23.70 centimeters, 3.1 calibers. 
Length with fuse, 27.80 centuneters, 3.7 calilxirs. 

Distance of rear edge of centering ring from surface of base 3.80 centimeters. 
Distance of bottom of ogival point from surface of base, 19.22 centimeters. 
Distance of bottom of ogival point from point of fuse 8.58 centimeters. 
Maximum diameter of centering ring, 7.80 centimeters. 
Diameter of steel core at (xmtering i)ad, 7.47 centimeters. 

Diameter of steel core at cylindrical part in rear of centering ]>ad, 7.42 centime- 
ters. 
Weight of empty stei4 core, 2.600 kilograms. 
Weight of chained steel core 6.145 kilogranis. 
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1. Sharpnel — CJontinued. 

Weight of bursting charge 0.075 kilograms. 
Weight of doable-acting fuse S/20, 0.280 kilograms. 
Weight of projectile ready for firing, 6.500 kilograms. 
Weight of bullet filling, 3.245 kilograms. 

2. Cartridge case: 

Length, 27.80 centimeters. 

Outer diameter immediately forward of base rim, 8.05 centimeters. 

Diameter of projecting rim of base, 9 centimeters. 

Thickness of projecting rim of base, 0.35 centimeters. 

3. Cartridge: 

Length, 51.8 centimeters. 

Depth to which the projectile enters the cartridge case, 3.8 centimeters. 

Figure 3, illustrates the form of cap now being manufactured by 
the Hotchkiss Company in Paris for the 100-raillimeter armor-piercing 
shell. The metal is furnished the company in the shape of bars; they 
turn it into shape and chill the heads. The cap is made of mild steel 
of a tensile strength of 45 kilograms per square millimeter of sec- 
tion. The cap is attached to the projectile by being shrunk into the 
groove A. Before placing the cap on the ogival head, both the inte- 
rior of the cap and the exterior of the ogival are turned accurately to 
the same dimensions. This l)eing not always possible, a lot of shell 
after being completed are carefully calipered and divided according 
to dimensions into four sub-lots. The same is done with the caps. 

To secure the cap in place it is heated to nearly a red heat and 
slipped over the shoulder at A, after which a jet of water pla3's 
on the cap at B, shrinking it into place. The heads of the caps down 
to the dotted lines indicated by D ' D ', are tempered, though the steel i« 
so mild that it will not take much temper. The caps must fit the shell 
so accuratel}*^ that when tapped with a hammer they give out the 
same sound as the body of the shell; in other words, the cap must grip 
the shell over all points of the ogive. The groove A, into which the 
cap is shrunk, has no sharp angles or shoulders, but it is a smooth 
curve, as more clearly shown in the larger sketch to the left. The 
depth of the groove A is not more than 1 millimeter. The thick- 
ness of the motal of the cap at B, just above the groove, is 2.5 milli- 
meters, and the thickness of the cap from the point of the ogive to 
its point — that is, from E to F — is 26 millimeters. 

The tests for the uncapped shells are as follows: 

A shell is selected from a lot of 1,()00 and fired at an unhardened 
plate of 12 centimeters steel. The angle of impact is 18 degrees from 
the normal, and all pieces of the shell are required to pass completely 
through the plate. 

The tests for the capped projectiles take place under the same con- 
ditions, except that the plate is of 12-centimeter Harveyized steel. 
The shell must successfully pierce this plate at an angle of 18 degrees. 



2SM Steel Cap 
FyeTv^Artnor-Tvercifw Projectiles 




Fiff, 
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If a shell fails to pass the test the company can, by special permis- 
sion of the Government, retemper the lot and be given a new trial. 

If a shell passes whole through the plate the company is paid a pre- 
mium of 10 per cent on the contract price. If the shell breaks into two 
pieces the premium is al)out 9 per cent, and if into more than two 
pieces the premium is reduced. 

It is understood that all armor-piercing shell in the French navy up 
to 16 centimeters are now capped in the same manner as the projectile 
described above. 

A German method of securing caps to armor-piercing projectiles is 
by means of soft solder. The latter has a comparatively low melting 
point, less than 200^ C. ~ The cap and the point of the projectile are 
immersed in the solder until both parts are heated to its temperature 
and are completely coated. The point of the projectile is then pressed 
into the cup of the cap and the surplus solder forced out. 



SMOKELESS POWDERS. 

The British Admiralty has just appointed a committee to inquire, 
in an absolutely independent manner, into possible improvements in 
explosives. The committee is to conduct trials with a view to discover- 
ing what are the best smokeless powders for use in guns of all calibers, 
as well as in small arms, and to report whether any modifications in 
existing designs of guns are desirable, in ordei- to develop the full 
powers of any powders that may be proposed. The organization of 
a board with such full powers should not be construed as meaning that 
the English have lost confidence in cordite, but simply that they do 
not consider the manufacture of smokeless powders to be a finished 
art; and that, like the rest of the powers, they are looking for a sub- 
stance that will produce equal, if not better, ballistic results without 
erosion. The English, after exhaustive experiments with a brown 
prismatic powder, succeeded in determining the number of rounds for 
each caliber that can be fired from a gun before precision is lost to be 
as follows: 



Caliber In InchGH. 


Number 
of rounds. 


Caliber In Inchcu. 


Number 
of rounds. 


4 




739 
&10 
395 
2&1 
204 


10 




162 


5 


VI 


149 


6 


, 


13.5 


102 


8 


16.3 


83 


9.2 













NoTX.— In the light of our own experience these figures are much too low.— O. N. I. 
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Lieutenant-Colonel Delauney, of the French army, through a study 
of the above figures, deduces a law which he expresses as follows: 

The square of the number of rounds which a gun can be fired before it loses its 
precision, in consequence of erosion, is in the inverse ratio to the cube of the caliber. 

The Colonel claims that the erosion which threatens the life of mod- 
ern guns is produced, not by^ modern powders nor through lack of 
hardness of the metal of the gun, but by the space which is between 
the exterior of the band on the projectile and the walls of the bore of 
the gun, through which the gases escape at a very high temperature 
(higher in powders which contain nitroglycerin) and as a consequence 
produce erosion. This air space naturally becomes enlarged until a 
time arrives when the fire loses all precision, and it is necessary to 
restore it in part by exchanging the band of the projectile for another 
of larger diameter. 

The following notes on smokeless powders, extracts from a lecture 
delivered by Captain Grahm before the Royal Naval Society of Carls- 
krona, contain the results of tests of the powders used by a number 
of the European powers. To those wishing to make comparisons, 
these tests are of more than passing interest, for, as their author is a 
recognized authority upon ordnance matters, there is every reason to 
believe that the data thev contain are accurate. 

In the Russian navy, after lengthy and thorough trials, a powder containing no 
nitroglycerine has been adopted, known as pyrocoUodiuin powder. It consists prin- 
cipally of nitrocellulose with a low percentage of nitrogen, and has shown very goo<i 
and even results at firing trials. The reason why this was chosen in preference to a 
powder of the ballistite type — that is to say, containing nitroglycerine — was not 
because the advantages of the latter were not recognized, but because it was impos- 
sible to overcome the erosion caused by the excessive heat. PyrocoUodium powder 
is now being manufactured for all calibers in the Russian navy. Nevertheless a 
large quantity of ballistite has recently been purchased from German factories. 

A similar powder containing no nitroglycerine, manufactured for the Danish navy, 
has also shown good results. The following table contains data of firing trials which 
took place on August 10, 1899. 

Proof firing of a 16-centimeter Bofors R. F. gun of 43-caliber length, for Danish 
ironclad ITerluf TroUe. Kind of powder used, Danish gun-cotton i)ow^der: 



Weight of 
projectile. 


Weight of 
charge. 


Prewmre 
in atmos- 
pheres. 


IniUal 
velocity. 


Kilograms. 

51 
61 
51 
51 
61 


KHoijrams. 
9.5 
9.5 
9.5 
9.6 
9.5 


2,226 
2,295 
2,375 
2,295 
2,347 


Melerii. 
697 
698 
695 
695 
696 


Average... 51 


9.5 


2,307 


696 
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Besults of test of French smokeless G. C. powder 13, in 25-centiineter gun M/94, at 
Carlskrona March 15, 1899: 



Weight of 
projectile. 


Weight of 
charge. 


In'Sfm^ Initial 


Kilograms. 
204 
203.5 
203.5 
•203.5 


Kilofframs. 
52.65 
52.65 
51.50 
51.50 


Meters. 
2,076 743.3 
2,1?2 750.8 
2,017 726.5 
2, aw 732.9 


Average, 203. 6 


52.10 


2,061 788.2 

1 



Results of testa of 3-millimeter Swedish Nobel powder tyi)e IV (manufatitun^l ])y 
the Bofors Company) in 25-centimeter gun M/94, at Bofors: 

FIRST TRIAL, GUN NO. 5, MARCH 17, 1899. 



Weight of 
projectile. 



Kilograms. 



204 
204 
204 



Average.. 204 



Weight of 
chaigc. 



Kilograms. 
45 
46 
45 



45 



Pressure 

in atmoN- 

pheres. 



1,930 
1,998 
1,962 



1,963 



Initial 
velocity. 



Meters. 
727.5 
729.9 
726.0 



727.8 



SECOND TRIAL, GUN NO. 6, MARCH 29, 1899. 



Kilograms. 



Average 



IS. 


Kilograms. 




Meters. 


204 


45.5 


2,003 


727.4 


204 


45.5 


2,021 


732.9 


204 


45.5 


1,9W 


731.6 


204 


45.5 


2,000 


730.6 



A comparison of these results of French smokeless G. C. powder 13 and Nobel 
powder type IV shows much greater uniformity in the Swedish article. Moreover, 
Nobel powder IV, with a pressure of about 100 atmospheres less than in the case of 
the French powder, has shown the effect to be 122 mt. per kilogram of powder, while 
that of the French powder was only 108 mt. per kilogram. It nmst be admitted that 
the working pressure employed in the case of G. C. powder 13 was not nearly so 
high as it should be in order to attain the best results (about 2,300 atmospheres); 
but the ballistic superiority of the Swedish i)owder is nevertheless apparent. As in 
addition thereto no erosion was noticeable, in spite of the comparatively large num- 
ber of rounds fired during the trials, it was decided to adopt Nobel powder IV for 
the 25-centimeter guns of the Oden as well as the Thor and Niord. 

Nobel powder is also to be tested in Sweden for 21 and 24-centimeter guns. 

Another type of smokeless powder is manufactured at the Government works at 
Aker. It is one of the types containing no nitroglycerine (Troisdorf type). Com- 
parative tests of Nobel and Aker powder were made at Carlskrona January 24 and 
25, 1899. In a 57-millimeter R. F. gun M/89 B, with a charge of tube-shaped Aker 
powder weighing 560 grams, an initial velocity of 710 meters was attained, with a 
pressure of 1,981 atmospheres, while Nobel powder (in grains) showed about the 
same velocity with a charge of only 405 grams. 

Troisdorf powder manufactured at Aker has also been tested in a 12-centimeter R. F. 
gun intend^ for Oscar- Fredriksborg. The interior construction of this gun is the 
same as that of the 12-centimeter R. F. naval jjun, and as the volume of the powder 
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<ihamber ia rather small for the Aker powder, which requireB larger charges than 
Nohel powder for the same effect, it could hardly be expected that the initial 
velocity would he as great a^ in the case of the naval gun (740 meters). These trials 
took place on September 28, 1899. The Aker powder employed was tube shaped; 
length of tubes, 454 millimeters; effect per kilogram of powder, 111 mt. 

The following table (giving the seventh to fourteenth rounds) shows the resultB of 
these trials: 



Weight of 
charge. 


Weight of 
projectile. 


Pressure 

in atmoe- 

pheres. 


Initial 
velocity. 


Kilograms. 


Kilograms. 


MeUrs. 


4.8 


21.2 


2,304 


747.3 


4.8 


21.2 


2,120 


708.8 


4.8 


21.2 


1,847 


684.9 


4.8 


21.2 


2,058 


712.8 


4.8 


21.2 


1,W> 


710.3 


4.8 


21.1 


2,090 


719.2 


4.8 


21.2 


1,981 


702.5 


4.8 


21.2 


2,082 


699.2 


Average.. 4.8 


21.2 


2,048 


710.6 



The most noteworthy feature of these results is the great difference in velocities, 
which exceeds the difference which is usual in the case of Nobel powder type IV. 

A quantity of English cordite iwwder has been purchased for the large caliber 
fortress guns at Oscar-Fredrikslx)^?- Tests made with this powder on December 12, 
1898, in a 24-centimeter gun M/92 (volume of powder chamber, 136 liters), have 
given the following results: 



Weight of 
projectile. 


Weight of 
charge. 


Pressure 

in atmoo- 

pheres. 


IniUal 
velocity. 


Kilograms. 
215 
214.5 
215 
214.6 


Kilograms. 
36 
38 

38 
88 


1,742 
1,978 
2,029 
2,013 


Meters. 
599 
037 
635.5 
633.4 


Av.ofla«t\.,.. - 
3round8r^^-^ 


38 


2,007 


6;v>.3 



Another interesting firing trial took place at Carlskrona September 6, 1899, for 
the puriwse of determining the ballistic effect that (»n be attained with ^ol>el pow- 
der in a 15-centimeter gun M/89 with decreased powder charge. The volume of the 
powder chamber was decreased by introducing a metal case of a volume of 6.5 liters 
into the powder charal)er, thereby reducing its volume to 18.3 liters. The tyi>e of 
powder ilschI, size 16 l)y 9 by 112 millimeters, was that adopted for the 12-centimeter 
E. F. gun M/94. The resultH are shown in the following table: 



Weight of pro- 
jectile. 


Weight of 
charge. 


I*refwure 

in atmos- 

phcr««. 


Initial ve- 
locity. 


Kilograms. 

45.4 

45.4 

45.4 

.46.4 

Av.oflastVjR . 
3 rounds./^-'* 


Kilograms. 
9 

8.5 

8.35 

8.1 


2,882 
2,128 
2,135 
2,021 


Meters. 
743 
710 
703 

688 


8.32 


2,095 

• 


700 
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It will be seen that with this powder an initial velocity of 700 meters can be 
attained, with a pressure not exceeding 2,100 atmospheres, while with the older 
charges, the weight of which was nearly three times as great, only 630 meters initial 
velocity could be reached. This shows that by converting the type of gun in ques- 
tion good results could be attained from a ballistic standpoint. 

As to the price of smokeless powder, the general impression prevailing is that it is 
very much more expensive than the older kinds of powder. But this is not the case 
when we take into consideration the effect of the different kinds. For instance, a 
ehai^ of brown powder for a 25-centimeter gun M/94 costs 5.2 ore (1.39 cents) per 
mt. of muzzle energy, while the corresponding price of Nobel powder IV is 6.6 ore 
(1.76 cents). 

RANGE FINDERS. 

Altboagh officers of experience have claimed that the best range 
finder in action is a 1 or 3 pounder R. F. gun in the hands of an 
expert marksman, the value of an instrument that will quickly and 
accurately measure the distance of an object can hardly be overesti- 
mated. The fact that there is a demand for an instrument of this 
character is indicated by the various patents obtained for inventions 
in this field. Few of these, however, are suitable for naval purposes. 
They are nearly always of delicate construction and liable to get 
out of adjustment at the moment of critical need. Bange finders may 
be divided into two genei-al classes, those which are fixed — that is, 
mounted upon stands — and those which are portable. Both have their 
uses on board ship. 

THE BABB AND STBOUD BANtiE FINDEB. 

This instrument has been adopted by the British admiralty and is 
also used in the navies of Austria, Japan, and other foreign powers. 
One has just been placed on board the Albany for trial. 

A full description of the special features claimed for it, its principle, 
construction, and the various uses to which it can be applied are there- 
fore given. 

SPECIAL FEATUBK8 OF THUS BANGE PINOEB. 

1. It occupies very little space. 

2. It requires only one observer, and thus avoids the necessity for 
communication between men at different stations, and the consequent 
danger of errors. 

3. The ranges of any objects visible from the range finder can be 
taken quite irrespective of their bearing or altitude. 

4. The operation of the instrument is so exceedingly simple that no 
difficulty is found in using it successfully after a few minutes' trial. 

5. Its standard of accuracy is very high — higher, it is believed, than 
that of any other range finder. 

6. The indications depend solely upon the base length, the angle of 

2597— No. XIX 11 
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a deflecting prism, the focal length of the objectives, and the gradua- 
tions of the scale. There are, therefore, no parts the wearing of which 
can cause the instrument to give erroneous readings. 

7. It is particularly free from liability to derangement. 

8. If deranged it can readily be readjusted. 

9. It is capable of standing all ordinary usage without derangement, 
and is in no way affected by the shoc^k of gun lire. 

10. The arrangements for ''finding'" the object, aligning the images, 
and reading the scale are such that it is found possible to accurately 
determine the range of an object in from eight to twelve seconds from 
the time the observer reaches the instrument. 

11. The arrangement for reading the scale enables a moving object 
to be kept constantly in view and its itmge taken as frequently as 
desired. 

12. When observations have to be made in rapid succession the eyes 
need not be taken from the instrument. This avoids exposure of the 
eyes to strong light, which would render them for some time incapable 
of making delicate telescopic observ^ations. 

13. The distance of a light can te taken at night as easily as the dis- 
tance of a ship or other object can be determined during the day. 

14. The instrument can be rapidly dismounted and again erected, or 
changed from one position to another, without any of its adjustments 
being affected. 

15. The instrument is alwa3^s ready for use; there are no preliminary 
adjustments necessary. 

10. As mounted on board ship it is the most convenient and a<;curate 
instrument yet invented for navigational distance finding, both by day 
and by night. 

17. For use as a fortress range finder it may be placed close to the 
water level or at an}'^ convenient altitude, and requires no adjustment 
for height above sea level or for changes of tide. 

PRINCPLE OP THE INSTRUMENT. 

(See Plate I.) 

Fig. 1 is a diagrammatic representation of the instrument, details of 
construction being omitted for the sake of clearness in the explanation 
of the principle of operation. 

Two bean)s of light from the object viewed are received by the 
reflectors, and transmitted through the objectives towards the centre 
of the frame, where an arrangement of prisms is placed to reflect the 
beams outwards through the right eye-piece. By these means two 
partial images of a distant object are seen, one over the other, as shown 
in fig. 9, the image seen in the upper half of the field of view of the 
right eye-piece being formed by the equivalent of a telescope directed 
towards the object from the right-hand end of the instrument, the 
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image seen in the lower half being formed by the equivalent of a sec- 
ond telescope directed towards the object from the left-hand end. 

The images are seen separated by a thin black line, as shown in figs. 
8 and 9. This line is called the ''separating line." 

Suppose a very distant object is viewed by rays shown at L^ Zj (fig. 
2), and that the partial images of that object are seen in correct coin- 
cidence as illustrated in fig. 8. If, now, the object approaches the 
instrument along the line Z^, the beam of light received by the right- 
hand reflector will take a different direction, such as is shown by the 
line Z'j, and the partial images will no longer appear in proper coin- 
cidence, but will occupy such relative positions as are shown in fig. 9. 
(The relative position of the images is not affected by any turning of 
the instrument in azimuth; the images move together across the field.) 
The partial images might be brought together by rotating one of the 
reflectors, but the necessary rotation would be almost infinitesimal, 
and would consequently require to be made and indicated with excessive 
delicacv. 

The bringing of the two partial images into coincidence is eflfected 
in this range-finder by means of a "deflecting prism" of small angle 
(fig. 1), which is placed in the path of the rays from the right-hand 
reflector and is movable longitudinally in the tube. The action of this 
prism in producing coincidence is illustrated in fig. 3. The partial 
images of a very distant object are in coincidence when the deflecting 
prism is in position N, but the prism has to be moved to the position 
O in order to bring the partial images of a near object into coincidence. 

As usually constructed, a motion of the prism of about 6 inches (150 
millimeters) corresponds to a change of I'ange from infinity to 250 
yards (or meters). 

An ivory scale (fig. 1) is attached to the refracting prism carrier, and 
on it the distance of the object viewed is read by aid of a scale lens in 
the left eyepiece, the scale being graduated to give the distance directly 
in yards or meters, or any other unit. 

It should be particularly noted that since the scale is attached to and 
moves with the deflecting prism slackness or irregularity in the gear 
by which the scale is moved produces no error in the indications; cmd 
therefore no amount of wear can affect the accuracy of the instrwnent. 

OONSTRUCTION OF THE INSTRUMENT. 

(See Plate I.) 

Externally the range-finder consists of a double tubular case about 5 
feet (1.5 meters) in length and 3i inches (9 centimeters; in diameter, 
shown in figs. 1, 4, and 5. 

A frame (fig. 1) carries all the optical parts of the instrument with 
the exception of the eyepieces, finder-objective and windows. 
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This frame is carried ¥rithin the tubular case oq two supports which 
are so arranged that no deformation of the framework can result from 
the application of forces to the case. 

Each range-finder is thoroughly tested for temperature effects and 
is compensated, if necessary, to provide against errors due to this 
cause. Differential heating of the frame would cause it to bend, and 
the readings of the instrument would thereby be affected. Errors are 
entirely prevented by the peculiar form of the frame and by construct- 
ing the outer case of two tubes, one inside the other. This greatly 
retards the transmission of heat to and from the interior, and distrib- 
utes it evenly around the frame. 

The deflecting prism (and the scale attached to it) are moved by 
means of a screw. This screw is actuated by a working head (fig. 4), 
which is placed on the upper side of the tube in a convenient position 
for being operated by the observer's right hand. 

The nature of the scale is shown in fig. 13, but the graduations are 
too nuniierous and come too close together to admit of the scale — as 
ac^tually cut on the ivory — being represented on the drawing. 

The scale is usually divided in single yards from 250 yards to 600 
yards, in tens of yards to 1,600 yards, in hundreds of yards to 6,000 
yards, and in thousands of yards to 10,000 yards; marks are also cut 
for 15,000 yards, 20,000 yards, and infinity. (Similar graduations are 
made in the case of meter scales.) Special modes of graduation can be 
adopted when required. 

The centers of the eyepieces are placed at 2i inches (04 millimeters) 
apai*t, but the left eyepiece (fig. 5) is ari*anged to make the instrument 
equall}' convenient' for observers whose eyes are at a greater or less 
distance than 2^ inches apart. 

The scale is read by the left eye when the images seen by the right 
eye have been brought into alignment. After a little practice the two 
eyes can be used alternately or simultaneously for their respective 
duties without losing the object from the field of view of the right eye 
while the scale is being read. 

A very simple and eflicient *' finder'' is provided to enable the 
observer to immediately direct the instrument uiwn the object. This 
finder consists of a small telescope of low magnifying power, the 
objective of which is seen in figs. 1 and 4, and which is used by the 
left eye, the scale occupying only a portion of the left-eye field, as 
shown in fig. 7. The field of view of this telescope is wide enough to 
enable the observer at once to "find" the object whose- distance is 
required, and when the instrument is so directed as to bring the object 
into the center of the finder-field (see fig. 7), the object will be found, 
greatly magnified, in the field of view of the right eyepiece (fig. 8). 

An india-rubber face piece (figs. 5 and 6) Is fixed to the tube around 
the eyepieces. This, by giving a soft rest for the brow, makes the 
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instrument more comfortable to use, especially when guns are being 
fired in its vicinity; it excludes light other than that received through 
the eyepieces, and it guides the eyes to the eyepieces in night obser- 
vations when, from the small amount of light received, the eyes other- 
wise would not immediately find the apertures. 

For taking the distances of lights at night, such as ships' lights or 
lightrhouses, an optical appliance, called the " astigmatiser," is provided 
in the interior of the' instrument. The astigmatiser draws out each 
image of a point of light into a vertical streak (fig. 10), which can then 
be aligned exactly as the images. of a mast or other object are aligned 
in daylight observations. The astigmatiser is put into or out of action 
by means of a slider (fig. 4) actuated by the thumb of the right hand. 

In order to render the scale visible at night, a small electric lamp — 
identical with those used for the night sights of guns — is fitted on the 
instrument, as shown in fig. 4. A small battery may be used to supply 
the current, or, if preferred, the lamp wires can be aiTanged to lead 
current from a ''transformer" circuit. A contact maker (fig. 6), 
actuated by the right hand, switches on the lamp when the sc>ale is to 
be read at night. 

It is found that the instrument, unless it meets with an accident, 
seldom, if ever, requires adjustment. Two adjustments are, however, 
provided for, called, raspectively, the adjustments for "halving" and 
"coincidence." 

The former is to accomplish the condition that the two partial 
images shall form a complete one and neither show "duplication," as 
illustrated in fig. 11, nor " deficiency," as illustrated in fig. 12. 

The adjustment for coincidence is to accomplish the condition that 
the scale shall give the true distance of an object from the range finder 
when the partial images of that object are seen in correct coincidence 
or alignment, as in fig. 8. 

This adjustment thus corresponds to the index adjustment of a sex- 
tant, but is not convenient to work in a I'ange finder with an "index 
error," owing to the scale not being a uniformly divided one. 

These adjustments are accomplished by means of two milled heads, 
rendered accessible by partially rotating the cover plate, as shown in 

fig. 4. 

The "halving" adjustment can be tested by observation on any 
object at a distance of over 250 yards. The distance of the object 
does not require to be known. 

The "coincidence" adjustment is conveniently tested by observation 
upon the moon or a star, when the reading of the instrument should 
be "infinity" — indicated by the star-shaped mark on the scale. 

Windows of optical glass are fitted over the apertures (see figs. 1 and 
4), and the outer case is everywhere so closed as to prevent rain, spray, 
or dust gaining access to the interfial parts of the instrument. 
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Sunshades are provided to fit over the windows, as shown in fig. 6, 
to aflford some protection against rain or spray settling upon the win- 
dows, and to exclude direct sunlight: 

The details of the instrument are made as far as possible on the 
interchangeable system, so that if any parts are lost or mislaid they can 
be readily replaced. 

AOCESBOBIES. 

The range finder is supplied in a strong teak-wood box, and it is 
held in the box by rubber pads and leather straps, to prevent the 
instrument receiving damage while out of use, and especially during 
carriage. 

Spare electric lamps^ cloths for cleaning the windows, and othe 
accessories are provided. 

A waterproof cover is supplied, which can be thrown over the i 

instrument when it is desired to leave it in position, but not in use, for 
some time; but the instrument is designed so as to be capable of stand- 
ing exposure m all ordinary weather. 

Detailed instructions for using the range finder and its mountings 
are supplied with each instrument. 

ACCURACY. 

The range finder above described is of 4 feet 6 inches (1.37 meters) 
base, and is recommended for use in connection with guns on warships 
of all kinds, forts, shore batteries, etc.; also for submarine mining 
operations, and for navigation. 

The table of test readings given at the end of the description will 
serve to indicate the accuracy obtainable under good atmospheric and 
other conditions. 

These readings were taken in the ordinary course of testing and 
adjusting instruments before delivery. J 

It will be observed that the readings given in x'^ards were made with 
instruments of consecutive numbers; they were not made with any 
view to publication, and they are not selected as being unusually good. 

If for any special servdce greater ieujcuracy is desired at very long 
ranges than can be obtained with a base of 4 feet 6 inches, instruments 
with longer base can be made to order; and for use on torpedo boats 
or other small craft a rang^e finder of 3 feet base can be supplied. 

The 3-foot-base range finder is also supplied for use with field artil- 
lery, and for that purpose is made largely of aluminum and weighs 
only 15 pounds (about 7 kilograms). 



NAVAL MOUNTING. 

(See Plates II and III.) 

For use at sea the range finder is mounted as illustrated in Plates U 
and in. 

It will be seen that the instrument is supported in bearings (fig. 14) 
attached to a swinging frame. 



I 
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The frame carries a balance weight inside the tank and swings upon 
knife edges, which knife edges are carried upon the end plates of the 
tunk. 

A handle is fixed to the swinging frame. This handle is held by the 
linger and thumb of the observer's left hand, and thus the motions of 
the swinging weight are kept under control. 

The tank (which may be partly filled with water to help steady the 
swinging weight, though this is not found necessary) is supported 
upon a vertical spindle projecting upward from the teak-wood 
pedestal (fig. 14). 

The instrument is moved in azimuth by rotation of the tank upon 
the pedestal spindle. 

The instrument is directed correctly in altitude b}^ rotating it in 
the bearings by means of the worm (fig. 14), the handle being left 
free. The swinging weight will then tend to keep it so directed; but 
complete steadiness of the instrument can only be obtained by the 
observer controlling the motions by means of the handle. 

Bolts are provided for locking the swinging weight and tank when 
not in use. 

From the nature of the observation to be made it will be seen that 
it is not necessaiy that the instrument should be mounted on gimbals. 
Motions in the vertic^il plane in which the length of the instrument 
lies merely make the object appear inclined as regards the ''separat- 
ing line." As these motions are never likely to exceed 30 degrees 
eac*h way, and will seldom exceed 10 degrees, no difficulty is experi- 
enced in consequence of such motion. 

When erected on the naval mounting the eyepieces of the range 
finder are at a height of about 5 feet (1.5 meters) from the deck. The 
observer presses his face firmly into the rubber face piece, and his 
eyes are thus guided to the eyepiece apertures. The fingers of the 
right hand are placed upon the working head, while tlie handle is 
lightly held by the finger and thumb of the left hand. The remaining 
fingers of the left hand may be allowed to slide along the under side 
of the tank to give increased steadiness. 

The bod}'^ is pressed against the tank to assist the hands in keeping 
the instrument correctly directed in azimuth. 

The instnmient is thus completely under control, and an object can 
with ease be kept constantly in the field of view. 

After a few days' practice it will be found much easier to keep an 
object in the field of view of the range finder than in the field of an 
ordinary telescope. It has been proved by trial on board ship that 
the range finder can be used successfully in such a sea &s would render 
practice with large guns impossible. 
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POSITIONS FOR NAVAL RANOB FINDER. 



The range finder and naval mounting are constructed of non-magnetic 
materials, so that they may be placed, if desired, in close proximity to 
the standard compass. 

It is impossible on board ship to command the entire horizon froi . 
one station, owing to the intervention of funnels, masts, etc. Two 
instruments are necessary and sufficient if suitably placed. The top of 
the chart house is usually chosen as the best position for the forward 
range finder, and the after bridge for the aft range finder; the ends of 
the bridges are also suitable stations. 

The disposition of the instruments on any ship must necessarily 
depend on the arrangement of her armament, masts, etc.; but it is 
advisable to select positions in which there is little vibration, since 
steadiness of the range finder conduces to more accurate observation. 



TRANSMITTING AND RBCEIVINO INSTRUMENTS. 



Instruments for transmitting ranges from the range finder to the 
conning tower, and for transmitting ranges and orders from the con- 
ning tower to the gun stations have also been supplied to vessels. 



rSR IN MANCBUVRES, NAVIGATION, ETC. 



An instrument that can measure the distance of any object in a few 
seconds, by night as well as by day, must commend itself to officers 
engaged in manoeuvring. No data respecting individual ships are 
required, as is the case with "station keepers" or sextants when used 
for range finding, and the observer is able to tell almost at a glance the 
distance of any vessel in the fleet. 

The range finder will also be found useful in carrying out tests of 
the manoeuvring qualities of individual ships without interfering with 
the customary exercises and tactics. For example, the turning circle 
of a ship under any given circumstances can be worked out by causing 
the ship to steam around or near a floating object — such as another ship 
or a small boat or target carrying an upright pole — determining the 
distance and bearing of the object simultaneously at given intervals 
of time and plotting the data thus obtained. 

Again, the speed of a vessel can be determined by causing it to steam 
past a stationary vessel or small boat and noting the instant when the 
object is, say, 1,000 yards ahead, and again when it is 1,000 yards astern. 
The speed of a vessel can be ascertained in this way with quite sufficient 
accuracy for all ordinary purposes, and, indeed, well within the varia- 
tions of speed that result under nominally identical circumstances from 
unknown causes, say within 1 per cent. And as this does not necessi- 
tate the taking of the vessel to a measured mile it can be carried out 
as frequently and under as great a variety of circumstances as may be 
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desired. It will be evident also that as the vessel and the floating 
object partake alike of the motion due to any general current the eflfect 
of such current is eliminated. 

The range finder is of great service as an aid to navigation. It is 
very well known that the distance of any object at sea, and more 
especially the distance of a light, can not be estimated with any approach 
to accuracy. So much is this the case that in certain weathers experi- 
enced navigators frequently mistake a distant light-house for a near 
ship's light and vice versa. The method sometimes adopted for deter- 
mining the distance of an object on shore by observing the change of 
bearing upon a known distance run, is, of course, not applicable at all 
when the light is within some points of the bow (the most important 
case), and in any case it requires a considerable amount of time and 
may involve the incurring of great danger. The range finder will 
determine the distance of a light in a few seconds, and the light can, 
when necessary, be kept constantly in view and the distance read as 
frequently as desired. 

For such work as taking a point of departure, coming to anchor 
(more especially in a strange port), etc., the instrument effects a great 
saving in time and trouble over any other means in general use. The 
distance from any given landmark is determined by a single observa- 
tion, and if the bearing of the mark be taken at the same time the 
position of the ship relatively to the mark observed can be completely 
ascertained at once and without any calculation. 

The astigmatiser has been found to render the instrument very 
serviceable in determining the distance of a toi-pedo boat or other object 
under the action of a searchlight. The search light illuminates some 
parts of the object more strongly than others, so that these appear as 
bright points and patches, and the astigmatiser draws each of these out 
into a clearly defined vertical line or streak of light, thus causing the 
object to appear as a comb of bright lines, which can be worked upon 
with great ease. 

It need hardly be pointed out that a trustworthy range finder is 
invaluable in the training of seamen and gunners in judging distances 
at sea under all varieties of circumstances. 

The value of the instrument for nautical surveying will be obvious. 

Many other applications of the instrument will present themselves 
to those acquainted with maritime affairs 
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Readings taken on shore. 



Instru- 
ment 
No. 


Graduated in— 


Ransre of a 
house dis- 
tant 326 
yards or 298 
meters. 


Equivalent 

error at 
3,000 yards.» 


Range of a 
chimney 

distant 
1,975 yards 

or 1,805 


Equivalent 

error at 
3,000 yards.! 


Range of a 
steeple dis- 
tant 5.950 
yards or 
5,440 


Equivalent 

error at 
3,000 yard&i 








meters. 


Percent. 


meters. 
Yards. 








Yards. 


Percent. 


Yards. 


Percent. 


68 


Yaids 


825.9 


—0.28 


1,975 
1,985 


0.00 


6,000 
6,000 


+0.42 






5.8 


- .56 


+ .77 


+ .n 






6.0 


.00 


1.970 


- .38 


5,960 


.00 






5.8 


- .56 


1,970 


- .38 


5,900 


- .42 




Mean 


5.9 


- .28 


1,970 


- .88 


5,900 


- .42 




325.88 


- .34 


1,974 


- .08 


5,960 


.00 




Yards 


69 


325.7 


- .85 


1,970 


- .38 


6,000 


+ .^ 1 






5.7 


- .86 


1,960 


+ .38 


6,000 


+ .42 






5.6 


-1.13 


1,960 


-1.15 


5,960 


.00 






5.8 


- .56 


1,960 


+ .:« 


6,060 


+ .84 




Mean 


5.6 


-1. 13 


1,960 


-1.15 


5,960 


.00 




325.68 


- .90 


1,970 


- .38 


5,990 


+ .34 




Yards 


70 


326. 3 


+ .85 


1,990 
1,970 


+1.15 


6,050 
5,960 


+ .84 






6.0 


.00 


- .88 


.00 






6.3 


+ .85 


1,990 


+1.15 


5,960 


.00 






6.0 


.00 


1,990 


+1.15 


5,960 


00 




Mean 


6.2 


+ .66 


1,970 


- .38 


6,000 


+ .42 1 




326.16 


+ .46 


1,982 


+ .54 


5,980 


+ .25 j 




Yards 


71 


326.0 


.00 


1,975 
1,975 


.00 


6,000 
5,960 


+ .42 I 






6.0 


.00 


.00 


.00 






6.0 


.00 


1,985 


+ .77 


6,000 


+ .42 






6.1 


+ .28 


1,966 


- .77 


6,000 


+ .42 




Mean 


6.3 


+ .86 


1,975 


.00 


5,960 


.00 




326.06 


+ .23 


1,976 


.00 


5,980 


+ .25 








Meters. 


i^r cent. 


Meters. 


Per cent. 


Mders. 


Per cent. 


81 


Meters 


298.3 


+1.02 


1,806 
1,810 


.00 


5,600 
5,450 


+ .61 






8.1 


+ .34 


+ .46 


+ .10 






8.2 


+ .68 


1,796 


- .92 


6,450 


+ .10 






8.8 


+1.02 


1,800 


- .46 


5,450 


+ .10 




Mean 


8.2 


+ .68 


1,806 


.00 


5,450 


+ .10 




298.22 


+ .75 


1,803 


- .18 


5,460 


+ .20 







1 The accuracy a«ked for by the British Admiralty in their advertisement for range finders for the 
navy was 3 per cent at 3,000 yards. The equivalent error at 3,000 meters Is approximately the same 
as that at 3,000 yards. 

THE ZE1S8 STEB£OSCOPI€ BAN«E FINDEB. 

Figure 1, portable type. 

The working of this i*ange finder may be illusti'ated by plac- 
ing the annexed stereoscopic picture, (fig. 2) in an ordinary stereo- 
scope. The eflFect of depth thus obtained is identical with that of a 
range finder of 13-fold magnifying power and an effective base of 
78 centimeters. Total depth in perspective = magnifying power X 
base 



distance between the eyes 



= 166. 



f 
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When looking through the range finder a stereoscopic view of the 
field of vision appears to be actually brought into the instrument, and 
the points in the measuring scale appear, in perspective, to be actually 
over the various objects in the picture presented. 

The measuring scaie floating over the landscape (a view near Jena 
and the valley of the Saale) consists of three straight rows of marks 
for measuring depth in perspective. The first row, above the fore- 
ground of the landscape, measures distances from 450 to 1,000 meters; 
the second, across the valley between the villa on the right and the 
crest of the hill, distances from 1,000 to 2,000 meters; and the third, 
distances from 2,0(X) to 10,(K)0 meters. 

To give increased effect to the impression of depth in perspective, 
the screens restrict the field of view so that their openings seem to be 
actual objects, just as if they were holes in a wall through which the 
landscai^e is being examined. 

The measuring of the distance of any particular object in the land- 
scape is done in the annexed stereoscopic picture (fig. 2), as well as in 
the range finder itself, by noting what point in the row of marks the 
highest point of such object comes to occupy, {n this manner the 
respective distances of a number of objects in the stereoscopic picture 
can be read off without diflSculty. The distances of objects which, 
like the villa on the right, reach with their highest points close to the 
mea^suring scale, are the easiest to measure. As to the I'ange of hills 
visible in the distance the result is not satisfactory, owing partly to 
the comparatively great distances of the marks from the landscape 
and partly to the imperfectness of the picture at this place. 

The Zeiss stereos(ropic lunge finder is made in three sizes, of 50, 87, 
and 144 centimetcM- base, respectively. The scale of the first model 
comprises distances from 75 to 3,000 meters, that of the second from 
300 to 5,000 meters, and that of the third from 700 to 10,000 meters. 
The t-elescopic magnifying power of the three models is 8, 14, and 23 
fold, respectively. The smallest model, which weighs only 3 kilo- 
grams, can be easily carried and held in the hand without the use of a 
stand. The two larger models, weighing 8 and 13.5 kilograms, 
respectively, require stands. 

The theory of this instrument takes advantage of man's ability to 
see stereoscopically, and also utilizes the telescope to extend the power 
of what Helmholtz called the telestereoscope. 

The range finder consists of two rigidly connected telescopes. The 
adjustment for the distani^e between observers' eyes is made by an 
apparatus, independent of the telescope proper, for changing the dis- 
tance between the two eyepieces. Because of this arrangement it is 
impossible to change the inclination of the optical axes of the tele- 
scopes. To prevent flexure of the telescopes from changes in temper- 
ature (wind, sunshine, handling, etc.), and to protect them from 
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external injury from shocks, etc., they are inclosed in cylinders 
secured to the centeipiece, without contact with the telescopes proper, 
and covered on the outside with leather and at the ends with felt 
cushions. External changes of temperature are thereby transmitted 
evenly to the interior parts, so that even under 'the most unfavorable 
atmospheric conditions no error will occur in the adjustment of the 
instrument. 

Precautions had also to be taken to prevent the flexure of the tele- 
scopes by their own weight. It has been found that in instruments 
having bases not exceeding 50 centimeters this source of error can be 
prevented from interfering with at^curate measurement by the selec- 
tion of proper material and suitable diameter of tubes. For these 
smaller instruments, therefore, the special adjusting device invented 
by Professor Abbe, which is used for the larger models, can be 
entirely dispensed with. 

But even for the smaller instruments, means have been devised which 
enable the obsei*ver to adjust, without going to the workshop, any 
displacement in the relative positions of the stereoscopic picture and 
the scale, such as may result from external concussions and shocks. 
For this purpose the two scales in all the instruments are fixed on 
slides that can be adjusted from the outside, the one in a verti(»l, the 
other in a horizontal direction, so that it is possi})le to correct a dis- 
placement of the picture by adjusting the scales. 

Finally, the i-ange finder is fitted with ac*.cessory devices which enable 
the appai*atus to be used also for observation at night and by twilight 
for measuring the distance of lights. The ac<'.essory devices for this 
purpose consist of two white screens perforated in the middle, which 
are secured in front of the telesi^opic objectives at an angle of 45 
degrees, and illuminated from a source of light placed in front of the 
center of the apparatus. In the field of view, thus evenly illuminated, 
the light to be measured appears as a material object floating in the air, 
and as such it c^n be measured by means of the stereoscopic scale of 
depths like any other object. 

The position of the marks is calculated as follows: In figure 3, Oi 
and Ojj are the objectives of the binocnilar telescope; Sj and S, are the 
focal planes, and Oc. is the eyepiece. The Porro system of prisms, 
which places the view in an upright position and effects the reduction 
of the distance between the axes of the telescopes to the distance A 
between the eyes, is indicated by U, S. The effective base — that is to 
say, the distance between the objective lenses — is indicated by B. 
When the telescopes are exactly parallel, the imagers M and M' of an 
object at an infinite distance will be placed exactly alike in each field 
of view; but this will not be the case when an object is at a finite 
distance, E. If we assume that the point in the plane S^ coincidJes 
with M, it will at once be seen that the point M' of the same object in 



178 

the plane S, suffers a parallactic displacement {a) from M' to M", 
which at the given distance is computed at 

B F 

a= 



E 

Moreover, the marks are arranged in two or three rows extending 
into the depth at different inclinations. The relative size of the seyies 
of marks of one and the same row is adapted as far as practicable to 
the rules of perspective. Allowance has also been made as far as 
possible for the natural conditions of the landscape views by a slight 
upward rise of the different rows of marks as the distance increases. 

The measuring proper consists simply in holding the instrument so 
that the row of marks appears to float free in the air above the object 
to be measured, and it is only necessary to note under which one of 
the marks the object in question is located. If the object appears 
between two marks, the fraction of the interval is estimated. 

The accuracy of measurement aimed at for a certain distance 
depends not only on the limits which the keenness of human eyesight 
sets to stereoscopic observation of depth ((^=30 seconds), but also on 
the following two optical constants of the binocular telescope: First, 
the distance between the objectives, B, and second, the magnifying 
power of the telescope, V. When these are given, the errors in 
measurement due to individual instruments and to distances may be 
computed without diflSculty as 

For the numerical computation of dE we may say more simply: 
in which R has the following value: 

R = ,. X ^y. 

A 

B . 

The factor ^ V gives the stereoscopic effect in perspective attained 

by the binocular telescope. The numerical values for such stereosox)pic 
effect — unaided eye effect being taken as unity — for the three models 
of range finders referred to are, respectively, 63, 188 and 510. The 
other factor, r, is the distance of the stereoscopic definition by the 
unaided eye; in other words, the distance at which an object is seen at 
an angle of convergence of the eyes of 0.5 minute, therefore just sep- 
arated from points up to infinity beyond it. For the average distance 
between the eyes, A = 65 millimeters, the value r (r = A/ (J) is equal 
to 447 meters. Hence, the distance R of stereoscopic definition as 
increased by the optical power of the instrument is for the three 
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models referred to 28 kilometers, 84 kilometers and 228 kilometers, 
respectively. 

In consequence the probability of error is as shown in the following 
table: 



Distance. 



fiOO meten . . 
1,000 meteiB. 
2,000 meten. 
4,000 meten. 
8,000 meten. 



Pint model, 
9-fold mag- 
nifying 
power; base, 
50 cm. 



Meiers. 



9 

36 

141 

554 



Second Third model, 
model, 14-fold I 23-(old mag- 
magnif\ing | nifylng 
power; base, | power; base. 

87 em. I 144 cm. 



MeierB. 



• 


MeUrt. 


3 




12 


5 


50 


18 


200 


70 


800 


280 



Of cx)urse, the above figures apply only to errors in perfectly trans- 
parent and calm air. As the atmosphere becomes hazy or disturbed, 
the errors increase more rapidly with increasing distance than is given 
in the table. 

For the smaller instrument, which is used without a stand, the amount 
of error can easily be ascertained by approaching or receding from the 
object until some mark appeai-s direc^tly over it, and repeating this 
observation several times independently; the distance between the 
extreme points so fixed will give the extreme error for the particular 
range. 

In an article published in No. 66 of the MUitilr- Wochenhlatt of 1899, 
explanative of the Zeiss range finder, the writer gives it as his opinion 
that this instrument is in every way suitable for military purposes. 
For persons with approximately normal eyesight half an hour is sufli- 
cient in order to become ac(]uainted with the practical working of the 
instrument, but two or three days' practice are required to fit them for 
taking accurate observations. 

The advantages claimed for this range finder over those hitherto in 
use are as follows: 

1. It is used like any other binocular telescope; consequently the 
observer can take ranges from the firing line, and in any position — 
standing, kneeling, or even lying down — and need not attract the 
attention of the enemy any more than a scout or a man in the ranks. 

2. The instrument is used and carried by one man, and he requires 
no assistant. 

3. The distance to be determined is measured from a single point, 
the eyes directed on the object itself and not at a point on one side, 
often diflScult to find (Souchier), or even at a reflecting apparatus placed 
laterally (Bickel). 

4. The observer reads the range through the glass and without remov- 
ing the eyes from th(* (\vepieces. In fact, th(» Zeiss range finder is a 
remarkably good reconnoissance glass as well. 
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5. Since both eyes are used at the same time, there is less danger of 
tired vision, blinking and straining of the eyes. 

6. One particular advantage of this stereoscopic I'ange finder consists 
in the fact that the accuracy of the distances measured is unaffected by 
the nature and appearance of the objects on which the ranges are 
taken. Objects which have no marked points, such as distant folds of 
the ground, iiTegular thickets, the fringe of a wood, and such others 
as have not even contoura, such as clouds of smoke or dust, are as easy 
to range upon stereoscopically as ^ church tower, provided they stand 
out from the background when seen through the binocular. 

7. The effects of good or bad light and greater or less transparency 
of the atmosphere are less felt because of the localization of the object 
with both eyes. 

8. Ranging on moving objects — as, for instance, birds flying or bal- 
loons — is not only practicable, but is much easier on account of their 
ready isolation from their surroundings for stereoscopic measurements. 

9. Lastly, by a simple arrangement the stereoscopic scale can be 
made visible by twilight or at night, so that it is possible to take the 
range of a distant point of light, such as a lantern, a lamp-lit window, 
or a bivouai' fire. This special point of the Zeiss range finder should 
recommend it to naval men in particular. 

ARMOR. 

The object of this paper is not to discuss the cost or the methods of 
nanufacture of armor, but to give the results of actual armor tests, and 
thus indirectly explain the contract requirements of various nations. 

The armor trials that have taken place have still further established 
the superiority of the Krupp process. Firing trials have shown that 
it offers from 20 to 30 per cent more resistance to the attack of armor- 
piercing shell than harveyized armor, and in consequence it has been 
adopted by England, Germany, France, Russia, Japan, and several of 
the smaller powers. 

Certain features of the Krupp process are secret, and the secret is 
well kept, though in many hands. According to Captain Orde-Browne, 
the process *^ consists mainly in the use of chromium to such an extent 
that great brittleness and hardness might be expected. Sudden cool- 
ing is carried out in such a way as might be expected to ruin the metal, 
but the result is great toughness. It must be understood, however, 
that nickel is also used, and nickel has long been known to give tough- 
ness in a remarkable degree." English, American, and French armor 
makers have acquired the right from Krupp to use his process, paying 
a large sum for the same, and in addition a royalty of from $40 to $50 
on every ton manufactured. In connection with a comparison of Krupp 
armor made by different firms, the Captain says that it "is no doubt 
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subject to variation, and. since it has been adopted in this country 
(England) each maker has improved and modified it/' It is a notable 
fact that plates made by this process by Brown & Co., of England, and 
also the Carnegie Company, have shown a better figure of merit than 
is credited to those made by Krupp. 

The great increase in the resisting power of Krupp armor has made 
it possible to obtain the saoje protection by a reduced thickness of 
metal; and, in consequence, if the total weight allowed for armor in a 
vessel of given tonnage remains the same, the protection can be spread 
over a much greater area without an increase in her displacement. 

As it is for obvious reasons more important to know the resisting 
power of the armor that is being carried by foreign battleships than 
the place of its manufacture, the following data concerning recent 
firing trials ai'e given under the name of the country owning the ves- 
sels, rather than that of the kind of armor or maker. As far as prac- 
ticable the contract requirements, including the manner in which the 
plates were set up, and the formulae regulating the striking velocities 
are given. 

THE NETHERLANDS. 

The following are the details of the test of an annor plate intended 
for H. M. battleship Koningin Regervtes, 

The nickel-steel plate, 3.3 meters long, 2.2 meters wide, and 15 
centimeters thick, manufactured by the firm of Krupp after its own 
process, was, under the contract, to be subjected to a test with a 
16-centimeter gun. The Krupp armor-piercing projectiles to be used 
at the trial, weighing about 46.6 kilograms each, were to be furnished 
by the Dutch navy. 

The contract further contained the following conditions: 

The shots arc to be fired normally against the plates. 

The striking velocity is to be regulated according to the formula: 



in which 



v=cx 1630 X^^^^X^ 0.7 

^0.6 



v= striking velocity in meters, 
a = caliber of gun in decimeters, 
jr>rz: weight of projectile in kilograms, 
^= thickness of armor plate in decimeters, 
<?= coefficient. 

This coefficient c for a 16-centimeter plate is to be 1.38. 

Three shots are to be fired, which, measured from center to center, 
are to be 66 centimeters from each other, and the distance of a shot 
from the edge of the plate shall not be less than 65 centimetera. 

None of these shots shall perforate the plate, nor shall any through 
cracks occur. 
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The plate shall then be fired upon with greater velocity so that per- 
foration will take place; this is for the purpose of ascertaining whether 
the plate will crack when perforated. 

The plate will be considered perforated when the rear end of the 
projectile penetrates to the back of the armor plate. 

The plate was secured by twelve 65-millimeter nickel-steel bolts to a 
60-centimeter (2 by 30 centimeter) oak backing, set up against an iron 
structure with 40-centimeter (2 by 20 centimeter) skin. 

When it had beer demonstrated by rounds I to IV that the con- 
tract conditions were fulfilled, four more rounds were fired in order 
to further determine the qualities of the plate, the sixth round being 
fired at one of the corners at a short distance from the edges, namely, 
27 and 33 centimeters, respectively. For rounds V to VIII (inclusive) 
capped steel shells were used. 

The effect of each shot is given in the table, and is illustrated by 
the annexed plate. 

2697— No. XIX 12 
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JAPAN. 

TBBT OP PLATE SBLBCTBD PROM THE LOT PREPARED POR H. I. J. M. BAPrLESHIP 

YAKUMO. 

Immediately after the war with China the fFapanese Government 
devoted itself to the building of a powerful navy. In 1895 the laying 
down of five large armor-clads was undertaken, and all these vessels 
have since been launched. Six cruisers of 9,700 tons are now building. 
Among these is the Yakiimo^ which was launched July 8, 1899, at the 
Vulcan Works, at Stettin. The maximum thickness of her armor belt, 
which surrounds the entire line of flotation, is 178 millimetei-s; at the 
extremities it decreases to 88 millimeters. For protection against dam- 
age by rapid-fire guns, and especially by powerful explosive shells in 
the vicinity of the line of flotation, this ship carries above the principal 
armor belt, over a length of 61 meters, a second annor 127 milli- 
meters thick, the extremities of which are joined by bulkheads in 
such manner as to form a closed redoubt which at the same time 
protects the lower part of the large fore and aft turrets of the cruiser. 

The total weight of the armor, which was manufactured at the 
Krupp works, at Essen, may be estimated at 2,100 tons. A plate 
taken from the lot prepared for the Yakumv by the Japanese com- 
mittee on acceptance was subjected to firing trials on the proving 
grounds at Meppen, August 19, 1898. This plate, 3.80 meters long, 
2.14 meters high, and 178 millimeters thick, weighed about 11,300 kilo- 
grams. It was fixed upon an oak backing 60 centimeters thick, and 
received three 17-centimeter projectiles. The results are given in the 
table. 

From the second lot for the YaJnimo the committee chose a plate 
3.78 meters long, 2.41 meters high, and 114 millimeters thick, weigh- 
ing about 8,100 kilograms. The firing trials with this plate, which 
was set up in the same manner as the preceding one, took place 
November 21, 1898. 

As is seen from the table and the annexed illustrations, both the 
plates stood the test admirably, and their qualities entirely confirmed 
the experiments thus far made with plates treated according to the 
Krupp process. They did not show the least trace of cracks either 
on the face or at the back. 

It is important to note that neither of the two plates was tested to 
its limit of resistance. The projectile fired with the greatest energy 
against the 114-millimeter plate would have entirely pierced a 207- 
millimeter plate of ordinary steel;* that is to say, 1.8 times as thick 
as the plate tested, upon which it only produced a boss 48 millimeters 
high, without cracks, on the back of the plate. 

1 According to the formula of Jac. de Marre. 
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For the sake of comparison it may be of interest to add a few results 
of firing, trials with a plate which also came from the Krupp works, 
but which was struck with projectiles of a caliber greatly superior to 
its thickness. 

As in the case of the Japanese plates cited above, this was taken 
from a lot of plates by the representative of the navy for whom 
the consignment was intended. The firing trials took place on April 
11, 1899, at Meppen. The plate was 2.98 meters long, 2.10 meters 
high, and 116 millimeters thick; it weighed 5,730 kilograms, and was 
attached to a wood backing of oak 2 by 30 centimeters by means of 10 
bolts, and placed against an iron support. 

At the first shot the steel 10.6-centimeter bursting shell, weighing 
16 kilograms, struck the plate at a velocity of 722.3 meters; the pro- 
jectile was shattered, the head remaining fast in the plate in such 
manner that the depth of penetration could not be measured. The 
back of the plate showed a boss 36 millimeters high, without cracks. 
The kinetic energy of the projectile would have suflSced to entirely 
pierce a plate of ordinary steel 235 millimeters thick, which, divided 
by the thickness of the trial plate, gives the quotient 2.05. 

The plate was next struck by three projectiles of 15 centimeters; 
that is, having calibers greater than the thickness of the plate. The 
projectiles weighed 61 kilograms, and struck the plate at velocities of 
442.6, 462.4, and 487.2 meters, respectively. The kinetic energy of the 
last shot would have suflSced to entirely pierce an ordinary steel plate 
211 millimeters thick; that is to say, 1.83 times as thick as the trial 
plate, which only showed a boss 80 millimeters high, slightly cracked 
at the summit. 

Hence the plate resisted projectiles having a caliber considerably 
greater than its thickness without being either pierced or cracked. 
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HBUPP PLATE. TESTED AUGUST Ii 



I. FACE-HARDENED KRUPP PLATE. TESTED NOVEMBER 2 



General Infonnalian Serit*. No. XIX. 





» FiCE-HiHDENED KBUPP PLATE. TESTED APRIL [ 
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NORWAY. 

Firing trial against a 6-inch armor plate furnished by the firm of 
John Brown, Atlas Works, SheflSeld, selected from among those 
intended for the armor belts of the Norwegian battleships Norge and 
Eidsvold: 

The armor trials took place November 10, 1899, at Armstrong's 
proving grounds at Ridsdale. The dimensions of the plate were 1.83 
meters by 2.44 meters by 14.93 centimeters. It was set up about 70 
meters from the muzzle of the gun and secured with eight 63.5-milli- 
meter armor bolts to an oak backing about 6 centimeters thick in two 
layers. Behind the wooden backing was an inner skin made of 31- 
millimeter iron plate and secured to the backing with angle irons. 
The whole was supported in the rear by struts and a hard earth butt. 
The holes for the bolts were 73 millimeters deep. 

The projectiles used at the trial were 15-centimeter shells of chrome 
steel, manufactured by Armstrong, Whitworth & Co. according to the 
Wheeler-Sterling method. 

In accordance with the regulations of the British Admiralty the 
plate should be able to withstand four shots from a 6-inch gun with 
100-pound projectiles, fired with a striking velocity of 1,960 foot-sec- 
onds, without producing perforations nor breaking the plate, and a 
fifth shot may be fired if deemed necessary. From the following table 
it will be seen that 6 projectiles were fii'ed against the plate, the last 
2 with 608.7 and 665.1 meters striking velocity, respectively. 

The plate had before the firing some fine surface cracks, which after 
the third shot widened a little without, however, increasing in length 
or depth. No further cracks occurred at the front of the plate even 
aft^r the fifth shot had been fired; but at the sixth shot a fine hair 
crack about 7.5 centimeters deep was formed between shots Nos. 4 
and 5. At the back of the plate, where the projectiles caused bulges 
3.8 to 6.4 centimeters high, some cracks were formed at the fourth 
shot extending from the top of the bulge, one of the cracks reaching 
to the edge of the plate, and at the sixth shot a very fine concentric 
crack appeared near the bottom of the bulge. 

From the table it will be seen that the coefficient was greater than 

41.02 

14. QS ~ ^'^^9 since shot No. 6, which, according to the formula for pen- 
etration of wrought-iron plate, should have penetrated 41.02 centime- 
ters, did not perforata the 14.93-centimeter plate. 

Shot No. 4 appears to have exerted the greatest strain on the plate, 
inasmuch as there was the greatest penetration and the center of the 
back bulge was cracked. Shot No. 6 exerted less strain, although the 
striking velocity was considerably greater. This may be explained by 
the fact that at shot No. 4 the impact happened to be exactly normal, 
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and it was for that reason easier for the point of the projectile to enter 
the plate. The cmcks on the back of the plate show that the projec- 
tile almost reached the limit of penetration. 

For a better understanding refer to the illustration. 

„. . .^ m -jj _, _x Thickness of W. I. perforable 16 ^ „, 
Figure of ment on Treeidder's system = Thickness of pla te =579=2- 71. 

Figare of merit on Striking veloc ity 2,182 _ 

de Marie's system "" Velocity necessary to perforate ordinary steel ""1,340= 
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SWEDEN. 

As it ha8 seemed not only impractical but inexpedient to separate 
Captain Grahm's interesting and instructive remarks on armor from 
the Swedish contract requirements and results of firing trials, the 
following extracts are given in full: 

During the year 1899 the question of armor for our fleet haa made a bi^ stride 
forward toward solution, and the principle — ^no doubt the only correct one — ^that the 
best possible protection should be provided for our fighting ships was applied when 
the contract was made for the armor intended for our new battleships. It is both 
right and natural that under such circumstances the question of expense should not 
be the first consideration. 

When bids were called for in July, 1899, for the armor for said ships the naval 
administration made such high requirements as to the trials that they could be satis- 
fied only by the best armor plate in the market, namely, the so-called Krupp armor. 
The great ''armor plate ring," which now comprises all the principal firms, made 
some slight modifications in the terms concerning the trials, but on the whole the 
requirements of the naval administration were accepted and the contract was awarded 
the world-renowned firm of Fried. Krupp, in Essen. 

As the requirements referred to may be said to represent the present state of 
armor-plate manufacture, I will speak of this matter somewhat at length. 

Formerly in estimating the resisting power of armor plate it was usually com^ 
pared with wrought iron. The relation between the thickness of a wrought iron 
plate which is just able to keep out a certain projectile fired at a given velocity 
(usually computed by means of the Krupp or the Tresidder formula) and the thick- 
ness of the test plate just able to withstand the impact of such projectile was called 
the "relative value." This figure, which was 1 for wrought-iron plate and 1.1 to 
1.2 for compound armor, has constantly risen imtil it now reaches 2, or even more. 
In other words, with only one-half the thickness of the plates that were used when 
armor was first introduced the same resisting power may be obtained against direct 
penetration. Whether the superiority of modem armor is still greater in the case 
of oblique fire is a question to be considered separately. 

Of Tate the so-called de Marre formula has been generally adopted as the base for 
any computations as to the resisting power of armor plate. The formula is as 
follows: 

Va. = 1530 ^/-— — , in which 

Va. = striking velocity in m. 
d. = caliber in dm. 
L = thickness of plate in dm. 
p. = weight of projectile in kg. 

This formula gives the striking velocity which must be given a projectile in order 
to just perforate a Oreusot armor plate of soft steel. As the present methods of man- 
ufacturing armor make it possible to produce plates of considerably greater resisting 
power than possessed by the older Creusot plates, greater striking velocity can be 
required at trials than that stated in de Marre's formula. In order to indicate this 
progress, the maximum striking velocity with which a given plate can be attacked 
without penetration taking place is now expressed in percentage of the velocity 
which according to de Marre' s formula is just necessary to perforate a soft-steel 
plate of the same thickness. 

Applied to the best quality of Krupp armor, the percentage is 135 for plates of 150 
millimeters and above and 138 for plates of 150 to 80 millimeters, the latter figure 
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indicating the lowest limit of thicknef^ to which the Knipp process, as coneems 
cementation, can be extended. 

It is this percentage that forms the foundation for the requirements to be applied 
to the tests of the armor for our new battleships. 

For armor trials a gun is usually chosen whose caliber is about the same as the 
thickness of the plate. The projectiles should be of the best chrome steel obtaina- 
ble, but not capped. As to cracks produced in the plate during the trial, the require- 
ment is that no through cracks shall occur. These requirements are embodied in the 
last Swedish contract with the firm of Krupp. 

The manner in which the test plate is set up is of considerable influence on the 
result. The general rule hiis been adopted that the test plate shall represent the man- 
ner in which the completed armor is to be secured to the ship. Therefore the test 
plate of the citadel armor is usually provided with a backing of oak wood, while the 
test plate of the turret armor is set up against a thin-skin plate. 

As to the number of trial shots, the requirements vary considerably in different 
countries. The Japanese Government, for instance, in a certain recent contract, 
requires but one shot to be fired against the plate, near its edge. Other navies require 
five shots, while certain navies have agreed on three shots for armor trial. Of coorBe 
the dimensions of the test plate must vary according to the number of shots required, 
for as a rule the different shots are not permitted to be more than 3^ calibers from 
each other, and also that distance from the edge. 

The requirements of the Swedish contract referre<l to are given in the following 
table: 
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The requirements eonoeming cracks are of great imi>ortance, for it is obvious that 
the armor must m that respect possess considerable resisting power *'in reserve" 
(coefficient of safety) in order not to risk failure at the trial, and by the tendency 
to crack the armor shows how much resistance it possesses against loaded shell. 

In this respect the trials made by Krupp in 18d5 against a 100-millimeter cemented 
plate are very instructive. On this occasion three shots were fired with 15-oentinieter 
loaded shell against the plate in question without producing through cracks, both 
when the plate was perforated and when the striking velocity was not sufficient 
therefor. 

The German navy makes the requirement for all armor trials that the test plate 
shall not only be attacked with projectiles of the caliber of the thickness of the plate, 
but also with a projectile of considerably smaller caliber as well as with one of con- 
siderably laiger caliber. In accordance therewith, 15-centimeter Krupp armor, for 
instance, is tested not only with 15-centimeter projectiles, but also w^ith 10 and 21 
centimeter projectiles. Computed according to De Marre's formula, the velocity of 
10-centimeter projectiles is very great, and it is, therefore, a good test as far as the 
direct resisting power of the plate is ^ncemed, because the projectile does not succeed 
in fracturing until the cemented surface has been penetrated. On the other hand, 
the 21-centimeter projectile, which strikes with comparatively little velocity, tends 
preferably to crack the plate. Under these circumstances it is impossible for manu- 
facturers to obtain the required resisting power simply by regulating the depth of 
the cementation. Metallui^gic processes which would otherwise be unnecessary 
must therefore be resorted to. 

It has been stated above that the cementing process is not applicable to plates of 
less than 80 millimeters thickness. It seems, however, that Krupp has found a pro- 
cess of manufacture which may be applied also to thinner plates and increases their 
resisting power in a high degree. They are thereby enabled to withstand the attack 
of projectiles with a striking velocity of about 120 per cent, computed according to 
De Marre's formula. These plates are called in England '^ Krupp non-cemented" 
(K. N. C), while the cemented armor is named after the manufacturer and inventory 
as "Cammell-Krupped," "Brown-Krupped," etc. In France the cemented armor 
is called **acier cements-type Krupp.*' 

In order to facilitate the lengthy calculations of velocity, thickness of plate, etc, 
so-called computing rulers have been constructed for the different formulas. There 
are such rulers, for instance, for Tresidder's formula, the result of which is similar to 
Krupp' s, for De Marre's formula, and others. 

The Krupp proi'ess is not patented, and is partly kept secret. The general features 
of the manufacture are as follows: The steel is produced according to the Martin 
process, with a comparatively large percentage of chrome or nickel, while the per- 
centage of carbon is extremely small. From the casting of the steel in a parallel- 
opipedal block until it is ready for rolling into plates it must not be allowed to cool. 
The cementing (that is, the hardening of the outer surface with carbon) is done by 
means of illuminating gas (lately Krupp is said to have used acetylene gas for cement- 
ing) in a large furnace specially constructed for that purpose, and this part of the 
manufacture may be considered one of the "corner stones" of the process. By the 
Krupp process the depth of the cementing at different places of the plate is much 
more uniform than is the case in the Harvey process, which, moreover, requires about 
three weeks, while Krupp' s cementing process requires only half that length of time. 

After the cementing the plate is allowed to cool and is then bent to the required 
curvature and cut off to the right dimensions. Then follow the hardening processes. 
These comprise hardening at a high temperature in water, oxidating in the same 
liquid, and hardening in oil at a moderate temperature. In order to maintain the 
back of the plate as soft as possible, certain oxidating processes are gone through. 
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The cemented part of the armor becomes glass hard, and emery disks must therefore 
be used for trimming the edges, etc The most tedious work, however, is the cor- 
recting of the curvature, which is done under strong hydraulic pressure with the 
plate slightly heated. 

The equipment of a plant for the manufacture of Krupp armor is extremely expen- 
sive. Almost all principal firms, however, which produce armor, on the continent 
of Europe, as well as in England and the United States, have acquired from Krupp 
the right to manufacture this type of armor. Owing to the expensive equipment of 
the plant, this armor plate is naturally very high-priced. But if we take into con- 
sideration the superior resisting power of Krupp armor over other types, the price is 
not so very excessive. 

The following table gives the prices of the citadel armor of Swedish .battleships 
and the striking velocities employed at trials, thus showing the relation between the 
increase in price and the greater resisting power: 



Ship. 



^ea 

Gota 

Thule 

Oden 

Thor,Nlord8.... 

Dristigheten 

New battleships. 



Place of manu- 
facture of annor. 



LeCreusot... 

do 

do 

do 

Sheffield 

St.Chamond. 
Essen 



Thick- 
ness of 
plate 
in mm. 



150 
244 
250 
260 
200 
200 
176 



Per cent 
of strik- 
ing ve- 
locity ac- 
cording 
to De 
Marre. 



Percent. 

100 

96 

96 

96 

120 

121 

185 



Relative 
value ac- 
cording 
toTre- 
sidder. 



a 

S1.88 
1.55 
1.25 
1.25 
1.7 
1.76 
2.05 



Price 
per ton, 
crowns.* 



5 

1,066 
1,066 
1,066 
1,170 
1,500 
1.829 
« 1,879 



a 



770 
688 
865 
938 
882 
1,040 
917 



1 One crown equal 90.268. > Cast-iron projectile. > Reikis to turret armor. « No cracking effects.' 

In connection with the foregoing table it should be noted, however, that the 
striking velocity as therein given is that stipulated in the contract and that — since 
in none of the cases strict penetration took place— the true relative value of the armor 
is considerably larger than stated. 

The British as well as the German navies are now using exclusively armor manu- 
factured according to the Krupp process. The Russian navy uses both Krupp and 
Harvey armor, while in France, presumably for considerations of price, Krupp armor 
has not been adopted. As the firm of Krupp collects a large royalty on every ton of 
armor manufactured according to its process, the unwillingness of the French Gov- 
ernment to adopt this type can be readily understood. 

The hopes we have harbored for some years for the development of our home 
manufacture of armor were founded on the results obtained in the casemate armor 
for the battleship Oden, which were very creditable for the state of armor manu- 
facture at that time. But the appearance and development of cemented armor has 
defeated our hopes of being able for the present to produce at home the complete 
armor equipment of our battleships. For the thinner armor of 100 millimeters and 
below we continue, however, to use Bofors material, on account of its softness and 
low price. The advantage of being able to make the stationary 15-centimeter turrets 
in a single piece was taken into consideration when the Bofors works were awarded 
the contract for the manufacture of all such turrets for the new battleships. 

It is extremely desirable, however, to improve our process of manufacture so as to 
attain a resisting power approaching that of the K. N. C. armor. To determine the 
degree of superiority of the last-mentioned armor plate, comparative armor trials are 
being made. 
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the striking velocity required for penetration upon normal impact multiplied by the 
cosecant 1.5 for the angle between the axis of the projectile and the plate (according 
to Von Schrader). In order to illustrate the importance of this, let us assume the 
angle of impact to be 60 degrees, and in battle it will more frequently be less than 
more. The velocity required for penetration under such circumstances is 24 per cent 
greater than that required for penetration upon normal impact In other words, the 
17.5 centimeter Krupp armor belt of the new battleships, which may be perforated 
even at a distance of over 4,000 meters upon normal impact by a 21-centimeter gun 
of a similar ship, will resist the fire of the same gun at an angle of impact of 60 degrees 
at a distance of 2,000 meters. When the angle of impact decreases below 60 degrees 
a very great surplus of enei^y is required before penetration will take place. 

This fact in itself warrants the reduction which is being made ever}' where in 
the thickness of armor, as may be observed in all modem battleships, and which 
makes it possible to distribute the protection over a greater area. But might not 
euch a proceeding increase the fighting value of heavy guns? In one navy, at least, 
the Italian, this question has been answered in the affirmative; for on board the two 
latest first-class battleships, the Benedetto Brin and Regina Margheriia, there have 
been installed, besides the two (four) 30-centimeter guns, ten (eight) 20-centimeter 
guns, in order to make it possible to penetrate in battle the 15-centimeter Krupp 
armor which has come into such general use and to which the 15-centimeter R. F. 
guns are not equal. In the United States Navy, also, warning voices have been 
raised against the rejection of the 20-centimeter guns, which are found on board the 
battleships of the Iowa class and others, but are absent from the latest battleships of 
the Maine type. Many men are even of opinion that the present superiority of armor 
can be overcome only by increasing the medium-caliber armament, and that we may 
possibly witness in the future another contest between the caliber of guns and the 
thickness of armor plate similar to the one one which took place in the 70*8 and 80' a. 

ITALY. 

Firing trials have recently been conducted attheTerni Steel Works, 
Muggiano, Italy, against armor plates face-hardened by a new process. 
The following is an extract from the official report received by the 
minister of marine: 

Three plates were tested, one of 11 centimeters thickness, and two of 6.7 centi- 
meters each. The requirements of the contract were, for the 11-centimeter plate, 3 
shots with 12-oentimeter shell, at an initial velocity of 575 m. s. ; for the 6. 7-centimeter 
plates, 3 shots with 7.6-centimeter shell, at an initial velocity of 574 m. s. The 
results have surpassed all expectations. The projectiles did not perforate the armor, 
nor produce noteworthy cracks. The same results were attained with two additional 
shots against each plate with still more powerful projectiles. 

It is understood that these plates will be sent to the Paris Expo- 
sition. 



IV. 

ENGINEERING NOTES. 



By Lieutenant Louis K. de Steigukr, Unite<l States Navy. 

SUtff Intelligence Officer. 



BOILERS. 



The English press is actively discussing the great amount of repairs 
require^;! by the men-of-war using Belleville boilers. According to 
these accounts, after a period of eighteen to twenty months in com- 
mission, it has been found necessary to send such ships to the dock- 
yards and to spend months in repairing and retubing the boilers. The 
Terrible has had over $50,000 expended upon boiler repairs. The Dm- 
d^ was fitted with Belleville boilers with economizers, and after being 
in commission less than two years was laid up for an extensive over- 
hauling and retubing of her boilers. A great number of pin holes 
were found in the economizer tubes and over $20,000 were expended 
in boiler repairs. The boilers of the Powerful^ which has just returned 
from South Africa, are reported to be in bad shape and to require an 
extensive retubing. The cable reports upon the recent arrival of the 
Europa at Sidney contain some very interesting data upon the unprec- 
edented coal consumption of this vessel on her trip out from Ports- 
mouth. The Europa has 30 Belleville boilers fitted with economizers. 
She occupied forty-nine days under steam on the above passage, con- 
suming about 6,000 tons of coal. 

In answer to an inquiry in the House of Commons as to the longest 
time that the water-tube boilers of any of Her Majesty's ships had been 
under continuous working at full power at sea without developing 
defects, and the consumption of coal per horsepower developed, the 
firet lord of the admiralty said in reply: 

The longest run under continuous seagoing full power is that of the Diadem in 
December, 1898, when she was under way for sixty-nine hours for a distance of 1,330 
knots, at an average indicated horsepower of 14,268 and an average speed of 19.27 
knots. The coal consumption for all purposes was 2.16 pounds per indicated horse- 
power. No defects were developed during the run, the power and speed being main- 
tained up to the end. The Powerful^ which left for the China station in 1897, has in 
the course of her commission gone through speed trials which, though of shorter rel- 
ative duration, are of equal interest. In a run from Honkong to Manila, in March, 
1899, she steamed for twenty-seven hours a distance of 540 knots at an average speed 
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of 20.2 knots, and an indicated horsepower of 19,600. Her coal consumption was 2.6 
pounds per indicated horsepower for all purposes. No defects were developed. In 
reganl to the four hours' full-speed trial, the Captain wrote: " We averaged over 23,000 
horsepower and were well over 24,000 horsepower one hour, and the average number 
of revolutions for the last four hours was just over 110 per minute, which in smooth 
water would give over 21.6 knots. Engines and boilers worked perfectly."  * » 

The following table, taken from a parliamentary return, show.s the 
cost of repairs upon the Belleville boilers of the vessels named since 
they were commissioned up to February 24, 1900. 



Ships. 



Diadem . 
Niobe . . . 
Arrogant 
Furious . 
Powerful 
Terrible. 



Date of firRt commissioning. 



July 19, 1898 .... 
December 6, 1898 
January 27, 1898 

Julyl,1898 

June 8, 1897 

June 15, 1897 



Labor. 


Materials. 


£.3,184 


£1,034 


136 


2S8 


3,021 


1,490 


1.208 


396 


1,268 


710 


6,662 


3,804 



Total. 

£4,218 

S74 

4.511 

1,604 

1,978 

10,456 



In view of the controversj'^ in England over the Belleville boilers, 
great interest was aroused by the competitive trials carried on by 
the Minerva and Highflyer, Foreign governments have also watched 
these trials with great interest, owing to the fact that many of their 
ships are fitted with Belleville boilei-s. Large and small, England has 
over 50 vessels supplied with them, Fmnce about 40, and Russia 
about 30. In addition to these countries, so largely represented, 
Austria, Italy, Argentine, Spain, Chili, Germany, and Japan have some 
of their ships supplied with them. 

On the Highflyer-Minerva trials the Highflyer burned more coal at 
all speeds, amounting to 16.5 per cent more on the lower speeds. 
This would give that vessel a much smaller steaming radian at those 
speeds. After each trial the Minerva,, after having her tube^ an'' 
furnaces cleaned, was ready for sea. On board the Highflyei^ after 
several of her trials, about 100 leaking joints had to be made tight, 
and she was, in consequence, laid up for several days. 

The behavior of the Belleville boilers has caused many questions to 
be asked in Parliament, and the following extracts are taken from a 
memorandum presented to both houses of Parliament upon their con- 
duct in English men-of-war. This memorandum gives the reasons 
for adopting the Belleville boilers the results of the trials, and the 
conclusions. 

MEMORANDUM ON WATER-TUBE BOILERS. 

This statement deals only with ships fitted with Belleville boilers or with boilere 
of large-tube types. 

The use of small-tube boilers has been hitherto confined in Her Majesty's navy to 
third-class cruisers and smaller vessels, where the importance of securing a high 
speed on small dimensions justifies the acceptance of boilers which have a shorter 
life than is desirable for large ships. 
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The tubes of small-tube boilers are much thinner than those of the large-tube 
types, and the maximum power of the boilers is obtained by forcing, which also 
tends to shorten their life. 

The experience gained with these boilers up to the present in destroyers, torpedo 
gunboats, and third-class cruisers does not, in the opinion of the Admiralty, justify 
their use in larger ships, though they have been adopted for this purpose in France 
and some other foreign navies. 

The Admiralty policy has been to consider the Belleville boiler, with which they 
have had more experience than any other type of w^ater-tube boiler, as the approved 
type for large ships, treating other types as experimental until they have shown that 
they possess some distinct superiority. 

There are substantial advantages in adhering as far as possible to one principal 
type for all ships, as the whole service becomes quicker accustomed to its use, artifi- 
cers, both in the ships and dockyards, become more expert in its repairs, and there 
is to a large extent interchangeability of the spare parts and accessories which have 
to be kept in store. 

Two long series of trials have been carried out, in the Sheldrake and SeaguUf with 
the Babcock and Wilcox and Niclausse boilers, respectively, for comparison with those 
previously carried out with Belleville boilers in Sharpshooter. 

Each of these boilers has its advantages and drawbacks, but the trials showed no 
decided advantage of either over the Belleville boiler. 

The experiments were, however, considered to justify further trials of both these 
boilers on a larger scale, and it has been decided to fit the Babcock and Wilcox in 
one of the new sloops, and possibly in one of the two new second-class cruisers, and 
the Niclausse in a new sloop and in a first-class cruiser of the MonmotUh type. 

This will give a fair trial of these two types of boilers on a sufiicient scale in the 
future, but in this paper it is only necessary to compare the Belleville boiler with 
the cylindrical boiler. 

HIGHPLYER .\ND MINERVA TRIALS. 

The trials of the Highflyer and Minerva form the most direct comparison w.e have 
yet been able to make between the performances of Belleville And cylindrical boilers 
under ordinary sea-going conditions. 

The two ships are identical in form and external dimensions, and the principal 
features of their machinery are described in Table III. 

The difference in total weight of the machinery and boilers in the two ships is 
about 100 tons, which saving of weight in the Highflyer has been devoted to giving 
her six 6-inch guns instead of 4.7-inch. 

The Minerva had been previously employed on relief service to China and in 
manoeuvres, during which service she had a good deal of trouble with her machinery, 
but the defects then brought to light had been remedied, and at the time of the 
trials her machinery was in excellent condition; and as she had been some months 
in commission with a crew turned over from the training squadron, her engine-room 
staff was well trained. 

The Highflyer had been only recently commissioned for the first time, and, with 
few exceptions, the crew had had no previous experience with Belleville boilers. 

An inspector of machinery, who had had considerable experience with Belleville 
boilers in the Channel squadron, was sent out in connection with the trials, but was 
ordered in the first place to remain on board the Minerva^ so that the management 
of the machinery in Highflyer might be under exactly service conditions. 

The following trials were carried out in the order shown, the results being given 
in the attached Tables I and II: 

A series. — ^Three runs, each of sixty hours' duration, at 10 knots, which, as regards 
machinery, were continuous and practically formed one run of 1,800 miles, the boil- 
ers being changed for each separate run of 600 miles. 
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B series. — Two runs, each of sixty hours^ duration, at 14 knots, which, as r^ards 
machinery, were continuous and practically fonned one run of 1,680 miles. 

Ci trial. — One run of sixty hours* duration, at 17 knot^. 

C, trial. — One run of thirty-eight hours' duration, at 17 knots. (This trial was 
then discontinued, owing to defects described in Table II having developed in 
Highflyer,) 

The Highflyer, after refit, made an experimental nin at 10 knots, with the inspector 
of machinery on board, and, on completion of this, made a further trial of sixty 
hours' duration under the conditions of the A series, with a considerably reduced coal 
consumption (see table). 

An attempt t^ complete the C series was discontinued after eight hours, owing to 
hot bearings in Highflyer, but after refit this run was completed (see Oj repeat trial). 

D series. — Two runs of thirty hours* duration at the highest power obtainable. 

E series. — Two runs in which Highflyer started with 6 boilers alight out of 18 and 
remainder not lighted. Minerva with 3 boilers alight out of 8 and fires in remaining 
boilers not lighted. At a given signal the fires were lighted as soon as possible in the 
boilers not in use, and the highest speed possible was maintained for twelve hours 
from the time of the signal. 

F series. — One run at 10 knots for sixty hours, and then to l)e increased to full 
speed at an uncertain time. Highflyer with 6 boilers alight and fires laid in remaining 
lx)ilers. Minerva with 3 boilers alight and fires alight, but banked, in the remaining 
boilers. After completing 65i hours the signal was made and the remaining fires were 
lighted in Highflyer and spread in Minerva, so as to obtain full power as soon as pos- 
sible, in order to continue at maximum power for twelve hours, but after 1 JJ hours 
Highflyer developed defects in one of the air pumps, which caused the trial to be 
discontinued. 

During the earlier trials the coal expenditure in the Highflyer was found to be very 
much in excess of that in the Minerva, and so large, compared with the results 
obtained on her contractors* trials, as to indicate either serious defects or want of 
skill in the management of the fires. 

The inspector of machinery waa therefore directed to proceed on board the High- 
flyer, after trial Cj, and the ship was sent to sea by herself to work independently for 
the purpose of training the stokers. 

After twenty -four hours of this training, trial A was repeated, when it was found 
that the expenditure waa reduced from 3.45 pounds per I. H. P. for all purposes, 
which was the average of the three preceding similar trials, to 3.16 pounds per 
I. H. P. 

The Minerva^s average expenditure for the three A trials was 2.96 pounds per 
I. H. P., showing the excess expenditure of Highflyer over Minerva, at the low speed 
of 10 knots, to be 6.7 per cent. 

Before this training was carried out the excess expenditure of Highflyer at this 
speed had been 16.5 per cent on the average of the three A trials. 

The same difference is shown at 17 knots, if the average expenditure in Cj and C, 
before the training is compared with repeat after the training, the excess in the 
former case being 15.9 per cent and in the latter 6.7 per cent. 

The coal expenditure in the Highflyer was still so considerably greater than it had 
been on the contractor's trials as to indicate that there were other causes of wasteful 
expenditure which had not been discovered; but the time during which the ships 
could be spared for the trials was limited, and it was not possible to make any further 
investigation at the time. During her refit at Devonport it was seen that the low- 
pressure slides and faces were much worn and not bearing satisfactorily, which would 
account for considerable loss of economy. 

After this refit it was found that her expenditure on passage to the East Indies 
was, from Plymouth to Gibraltar, at 12.4 knots, 2.74 pounds per I. H. P. for all pur^ 
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poeee, and from Gibraltar to Malta 2.67 pounds, at 13.16 knots, which shows a con- 
siderable improvement. 

Just previously to this the Diana, a similar ship with cylindrical boilers, made the 
same passage in the opposite direction while returning from Australia. The speed 
and coal expenditure of the two ships compare as foUows: 



Malta to Oibialtar, or vice 


vena. 




Plymouth to Qibraltar,or vice vena. 


Shipe. 


Distance 
in miles. 


Speed. 


Ckwlper 
I.H.P. 


Total 
coal used. 


Distance 
in mlloH. 


Speed. 


Coal per 
I.H.P. 


Total 
coal used. 


Diana 


1,023 
1,02» 


Knots. 
12 
18.16 


2.94 
2.67 


Tons. 
207 
191 


1,072 
'1,072 


Knots. 
12.6 
12.4 


2.86 
2.74 


TOTU. 

235 


Highflyer 


216 







Diana* 8 port engine was stopped for five hoars between Qibraltar and Pljrmoath. 

The most important point, however, which had to be determined by the trials was 
the maximum speed that could be maintained at sea under ordinary service condi- 
tions. It is, therefore, the trials at this maximum speed which are most important. 

In the design of machinery for a man-of-war the main problem is how to combine 
certain conditions of armament, protection, coal endurance, etc., with sufficient speed 
to catch the enemy's ships when they are sighted at sea. 

Trials Di and D, at the highest speed obtainable for thirty hours show an advan* 
tage in speed of 0.37 of a knot in the first and 0.94 of a knot in the second in the 
favor of Highflyer, and this was confirmed by trials E and F. 

The I. H. P. exerted by Highflyer was 396 more than Minerva in Dj, and 1,382 in the 
other trial, and if Minerva's machinery were to be redesigned to give this increased 
power, retaining cylindrical boilers, it would have to be from 47 tons to 170 tons 
heavier. 

Moreover, the boilers and machinery would require more space, and this would 
require a larger ship with increased weight of hull, which would again necessitate 
more I. H. P. and consequently a further increase of weight to maintain the same 
speed. This would, of course, be in addition to the 100 tons already gained in 
Highflyer. 

The trials £ and F, which were intended to show the advantage of the water-tube 
boUer in rapidly raising steam, were lai^ly in favor of the Highflyer, except as regards 
the accident which stopped trial F. This is a point only second in importance to 
that of maintaining the maximum speed. It is sometimes said that a captain in war 
will never let his fires out, but there will be many cases in which he must do so, both 
for the sake of the overhaul, cleaning, and repair of his machinery and boilers, and 
also when it is of vital importance to husband his supplies of coal. 



200 



»>» 






o 

M 
u 

OS 

s 



40 

r 



•O "O 



ss^ 



% 

P 



0) 

•a 
4< -^j ^ 






II 

I? 
« -s 

tzi J 

CO rn 



o 

I 

o 



o 

s 

o 

§ 

-a 



e . 

s »^- ^ 

S * - 

o V a 

•c "^ o 

« 'O 53 

ca c> 

« 3 9 



I ^11 






3 






•a g 
55 



«8 



-1 



c o 
^ *^ 

§ g 

^ 1 

ae 

^ XI 
-1 

'3 5- 
"C o .Ci 

H -, 5s 

CJ ♦J « 

S «j t 
I -o - 

5?; 



^ 



2 

«8 
ft 






■A lO lO 00 CI W 
»-( rH fH CJ W 






lO lO lO r* 



2 8 



o» 



«o 



C4 



C4 d d lO 







X3 fc-^ o 5 



5 5 IH g^flfl 



o 



SdoocicicJcici 



gj S5 S S S S 

CJ C4 C4 C4 C4 00 



foil 

§. 2 



»^ 




ii 


*s 


eS 

it 


«»4 


o 


 


t 


p 


Q 


f^ 



n 
H 



► o 



CQ 

H 



-f ^ •^ ^ I'- oo GO 

i 

00 
jjl>»'»"«-l»Odr-»CO 

O 'O f-« i-^ 1^ Ok o 

•S 

lO ri 5> ^ CS 0» »H 

«0 «0 »rf 00 3f t^ t>i 

(S O <0 9 Ch •-< rH 

1^ l-H 

o 

R ©» 0> 0» ^r so I"- I-* 

00 iC 0% •^ O CO 00 

r-i iH r-< OT CO «0 S 



00 



00 



00 00 00 OO 

5 

CO 



i-i e< «-i eo o oc 



§3 gs s] ^ s; 13 



d CO d <s o o 



00 A Ok 0> 



CO A ts oo eo 1-H 

Ui a S5 2 ^ S 



S 8 S S o 



I-- 



00 o o o 



l'- 



d 



l- 



d •-• «c 



O) 00 



o 

• • 

O d 

rH CO 

CO 1^ ifl ^ 

to (C « I-I 






no no o|o 






_ ♦• rtlD Mo 

S gg S 2 S f 






d 



CO 
00 



 ft 



IH CO 



lH fH T-l «0 « ?P • 
• •  »^ r- 1 d i^ 

f-« CO W rH »-< d W 



^i S «^ 

d Oi • 

?5 ^ 



0» CO 
• 1-^1—1 

t-l • > t- 

I-I eo CO d 

o »'• d 4! 

t-l »H d d 



^ -3 

P o 



<<^fS(i:^^ 



(3^ tf A 



ft w 64* ph 



201 



o 

U 

a 

(4 



-5 

••id 

"5" 



I ^ S >-< A 




o 



•0 



It 

2i 



«« 
V 






1^ cS I 






^ 



QO (O ^ oe 

^ »-( ■* 3 







^ 



«o « 







00 



CO 



g s 



eo 



00 


















CO 



t^ 



ao 



lA 



PQ 

H 



2S 



J5 i-H 



s; §1 



«o 



o« 



7< 
*1 



?< 




CJ 


X) 


00 




rH 




r-t 


r-t 


11 




lA 


5 


t> 


2< 


o 




?1 






?l 


?5 











S 



^'S 






JH QC 



s; 2 



M 



9k O (O CO 

O 
2 8 S5 "" « 0» 



r-> en 
OO 
> O 



3 


oa 


12 


S 


Ok 


!? 


^ 


^ 


^ 


£' 


S 


^ 


?i 


s 



lA 



-S 00 



k 



o» 






o 



00 






3 

« 



ai 






lA 



•A 



So 



S S8 



eo 



lA 



>A 



g 



X o t* 



£ 



.18 



S 



S S <5 <& S 



S 



13 



§ 

I 



.c 
to 

g 



0/ 



c^ 



Ol »H .H 

• «  

to « 00 



CO 



2 



<i 



! 



rH 1-1 r-l C^ 



§^ 



S o M 



P< 



202 



Of 



0) 

a 



a 

■*-* 

G 
O 

O 
I 













iS S.S >. i '-5 



•^SSfSJ, 




s 



s 



ri 



c^ 






CO 



o o 



lIHl 






CI 



3? 

CM 



% !^ S 

 • • 

C4 C4 OQ 



a; 

M 

8 

a 

a 

bo 

a 



iS 

M 

9S 



c 



it 
0) 

bo 






iC 



ao 



X) 



QO 00 (8 



CO 



J3 V 



.e «© 



s; « 



to 



^ 



n 






^ o 



5; 8 



I 






3 
53 






o 

00 



«0 -T «0 

?J « ?J 

O X o 

f-l f-l 

A X Ok 



X 



o 
I'- 



CM 

rt r-« 



^ Ok 



G4 

^ 

5 









0» 

1-- 






$ r; 8 

X X Ok 






lA 



CO 



rH CM 



I"- 



8 

X 



^ s g 

•^ c^ 4m 



oa 



o» « 



£ 






t 



MO CO 



I" 



n 



U 



«• HB ««B 

CI CM iQ 

1-H rl O 






00 

I 

eo 



eo 



CM 

25 



eo 

 

,1 



cc 

 



eo 



eo 
I-- 

CM 






O 

c 

o 

•J 
« 

e 

o 
x: 

k 

a 
>-. 

1) 



60 

c 



X 

OS 



CM 

Oft 

? 

s 



si 

pi; 



w p4' 



203 



Table III. — Partindars of machinery of Minerva and Highflyer, 



Machinery* 



Enf^incs: 

Type 

I. H. P., maximum 

Revolutions 

Stroke 

Boilers: 

Type and number 

Steam pressure 

Weight: 

Main and auxiliary ma- 
chinery. 

Boilers 

Total (ready for steaming) 



Minerva. 



Highflyer. 



Triple expansion (8 cylinders) . . 

9,000 

140 

3'y 

Tank; 8 in number 

155 pounds at boilers, ISO pounds 
at engines. 

380.1 tons 

557.8 tons 

937.9 tons 



Triple expansion (4 cylinders). 

10,000. 

180. 

2'6». 

Belleville; 18 in number. 
300 pounds at boilers, 250 pounds 
at engines. 

373.8 tons. 

461.5 tons. 
835.3 tons. 



TRIAI^ OF HERMES AND DIANA. 

Another series of trials of a different character was made between two other ships 
of the same classes as Highflyer and Minerva^ respectively, with the object of separa- 
ting the performance of the boilers from that of the machinery. 

The results of these trials are given in Tables IV and V. 

It is impossible under ordinary conditions of steaming to separate the waste of 
heat due to the boiler from the waste of heat and steam that occurs in all parts of 
the main and auxiliary machinery. 

In order to separate the performance of the boilers from that of the machinery, 
the Hermes (whose machinery is identical with that of the Highflyer) and Diana were 
fitted with tanks for measuring the quantity of water passing through the mam and 
auxiliary condensers. 

At the higher powers the quantity of water passing through the engines and the 
coal consumption were both less in Hermes than in the Dktna, whereas at the lower 
powers, although the coal consumption was still slightly less in Hermes than in 
Diana, the water used by the former was more, showing that the boiler was more 
economical, but more steam was used in the engines. 

Higher pressures necessarily require greater perfection in all such parts as slide 
valves, piston rings, and stuffing boxes, as well as in all steam joints, as the higher 
the pressure the more steam will pass through any leak without doing useful work. 
The waste of steam from stuffing boxes and joints is generally visible, but that which 
passes through any defective piston rings and slide valves, in either the main or 
auxiliary machinery, can generally only be discovered by taking the machinery to 
pieces. 

There is no doubt that economy largely depends on the stoking and on the boiler 
being free from deposits and in all respects in good order, but in many cases when 
the coal consumption has been large it has been found to be mainly due to defects 
in the machinery, which, under the conditions of naval service, are very difficult to 
discover, as Her Majesty's ships are always kept, as far as possible, ready for 
immediate service, and opportunities for opening up the machinery only occur at 
comparatively long intervals. 

GENERAL OBSERVATIONS ON DEFECTS. 

The adoption of water-tube boilers carried with it a great increase of steam pres- 
sure, namely, from 150 pounds to 250 pounds at the engines, and this involved 
alterations of detail in the designs of practically all the auxiliary machinery, as well 
as the main engines. It is in these details and in the precautions necessary for 
dealing with the higher pressures that the principal difficolties have occurred* 
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The principal defects from which the ships have suffered have been — 

I.BAKY JOINTS. 

These occur principally in the early part of a ship's commission. A better method 
of making them is being introduced as they give out, and all serious trouble from 
this cause is generally got over after a ship has been some time in commission. 

LEA.KS IN C0NDENSBR8. 

This is a defect that is not confined to water-tube boiler ships, and is not affected 
by the use of high-pressure steam, being principally mused by the splitting of con- 
denser tubes. In new large ships the condensers are now being made in two parts, 
in order that one half may be overhauled and cleaned or repaired while the other is 
in use. 

BVA.PORATOB8 AND THEIR ACCESSORIES. 

Leaky joints and other causes of waste of water have in many cases thrown too 
much work on these, but these difficulties rapidly disappear when the causes of 
abnormal waste are removed, and the evaporating plant is now being increased in 
all modem ships. 

AUXILIARY CIRCULATING PUMPS. 

Troubles have been experienced owing to the frequent fracture of the shafts of 
these engines; generally the fracture took place in the impeller shaft, but in addition 
to this, in the CanopuSj the crank shaft also fractured, and so also did the engine bed. 
In the case of the Canopus entirely new engines have been fitted. The fractures of 
the impeller shafts in this and some other ships were largely due to defective mate- 
rial, although they were also of rather too small diameter for the work required of 
them. In these cases they have been replaced by the contractors under their 
guarantee. 

AUXILIARY AIR PUMPS. 

These have given trouble in some cases, owing to want of strength in the pumps or 
details of engines. In others the cause has been the inferior arrangement of the 
suction or discharge pipes, principally the .latter. Stronger forms of double-crank 
pump are being fitted for this purpose for the newer ships. In the ships where this 
defect occurred it has been remedied either by fitting new pumps or making cer- 
tain modifications in the existing pumps. This latter course was adopted in the 
Goliath J in which ship the connecting-rod bolts broke, the engine seats were not stiff 
enough, and the engines and pumps noisy and with a tendency to wear rapidly. 
The pump was altered from the ram to bucket type, lighter valves fitted, and the 
foot valves were omitted, the engine seat stiffened up, and the lead of dischai^ pipe 
improved, after which they worked more satisfactorily. 

PISTON-ROD GLANDS LEAKING. 

These have given trouble in some cases, especially in the earlier ships. In some 
cases it was probably due to the design not being suitable to the pressure. The 
principal cause is either want of adjustment of the packing or dirt obtaining access 
to the cylinder and cutting the working parts of the packing or rods. In the F^irious 
considerable leakage of high-pressure glands was due to the scale from the boilers 
or steel castings being carried over by the steam and cutting the packing and rod. 

FEED PUMPS. 

These are all direct pumps without crank shafts. In one variety the sticking of 
the shuttle valve has often given trouble, causing the shuttle valve to work slug- 
gishly, so that the engine is difficult to start and may slow down or stop. The 
cause is generally the presence of dirt, or if salt water is present in the boilers a 
deposit of salt is often left on these valves. An efficient lubricator is now fitted to 
them. The joints of the water and steam cylinders have also, given trouble. 

In the pumps of another design severe corrosion has been experienced m the slide 
valves and liners, causing these parts to become grooved and leak, so that the 
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engine would not work properly. This was remedied by fitting forged bronze valves 
and liners, since which there has been no further trouble. 

In the Hermes the pumps failed owing to their not having been efficiently over- 
hauled and their defects ascertained and remedied. 

Generally speaking, the feed pumps of our ships work well, but as in the new ves- 
sels they had to work at much higher pressure, leaks and other defects whi(;h would 
be of little importance with low pressure assume greater importance and can not be 
neglected. 

DRAIN TRAPS AND DRAIN SYSTEM. 

The system of drain pipes, drain traps, drain tanks, and dr9:n-tank pumps fitted 
for dealing with water in the steam and exhaust pipes has given trouble in several 
ships. Defects are principally due to leaky joints in drain pipes, burst drain pipes, 
defective drain valves or cocks, defective drain traps which fail to work either by 
becoming choked up with dirt or by allowing steam to blow straight through. 
Serious losses of water and steam occur from failures in this system; also the temper- 
ature of water in the drain tank becomes excessive, and the drain-tank pump gives 
trouble and fails to pump out this water. 

Considerable attention has been devoted, to the design of an efficient steam trap, 
but it is doubtful whether any of them are so at present and if efficient when new they 
soon become deranged. In some recent ships considerable simplification of the 
drain system has been made, the drains for steam pipes, for instance, being fitted as 
simple pipes discharging into the bilge without being connected to any steam trap. 
This will involve more care being taken in raising steam, but will no doubt result in 
the saving of much annoyance and prevent much loss of steam, which seems to be 
inevitable in the old system. 

MAIN-ENGINE SLIDE VALVES. 

Where these have been of the flat type with relief rings at their back, trouble has 
been experienced in some ships owing to the inefficient action of the relief ring. 
They require very careful adjustment and great care taken to insure that the rings 
are capable of moving freely in their recesses. In the case of flat slide valves to inter- 
mediate pressure cylinders, their failure has often been accompanied by cutting of 
valves and faces. Flat slide valves have now been abandoned in the newer vessels 
for the intermediate cylinder, and valves of the piston type are fitted, these being 
free from this source of trouble. Cutting of faces of the flat slide valves on L. P. cyl- 
inders have also been experienced, but this has been generally due to the use of too 
soft cast iron. 

In the boilers themselves the following defects have been the most common: 

CORROSION OP THE BAFFLE PLATES IN STEAM COLLECTORS. 

These, being made of thin plates, corrode rapidly, and the rust and scale are liable 
to be carried into valve seatings or other places where they may do harm, though 
the greater part of the scale is deposited in the mud drums. Modifications have been 
made in these fittings in Terrible, Diadem, Furious, and Arrogant, which it is expected 
will greatly reduce the amount of corrosion. New ships are being fitted similarly 
and completed ships altered as opportunities offer. 

JOINTS OF DOORS LEAKING. 

This occurred to a serious extent in. the Argonaut during last year's manoeuvres, 
due to the doors not being interchangeable and to unsuitable asbestos washers being 
used for making the joints. 

Since suitable washers have been provided very little fresh trouble has arisen from 
this cause. 

FLOAT GEAR OF AUTOMATIC FEED CORRODING. 

Portions of these, specially liable to corrosion, have either been galvanized or 
bushed with bronze, as opportunities occur, and there has been very little trouble 
with them lately. 
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KON-BETUItN YALVB IN DOWN OOICER8. 

The pins of these became corroded in the Terrible and the valves failed to act, but 
since attention has been called to them and they have been refitted no fresh trouble 
has arisen. 

FOR BACK XND8 OF TUBBB OETTINO HOT OB BURNING AWAY. 



Such heating has happened in some cases, where they were insufficiently pro- 
tected by the brickwork, or where the latter has been destroyed. For new boilers, 
and also in cases where old brickwork becomes defective, it is built up in an 
improved manner, and its behavior is then satisfactory. 

NICKEL WASHERS LEAKING. 

This is generally caused either by bending of the generator tubes, or the dropping 
of the back ends by the burning away of the supports at the back of the tubes, as 
above. When the supports are properly protected and the tubes are not allowed to 
get overheated from imperfect circulation or shortness of water, leakage rarely occurs. 
In any case the washers can be very quickly duplicated or replaced. 

PITTINO OP TUBES. 

This occurred to a considerable extent in the Diadem, 13 tubes in all being pitted 
through. Methods of preventing it are under trial, namely, galvanizing the interior 
of the tubes, and the use of zinc rods; also more care is being taken to prevent the 
water from becoming acid b.y the use of lime. 

LEAKY SAFETY Y A LYES. 

These are a frequent source of trouble, w^hich is increased with the higher pressures 
of Rteam. Leaving out the greater difficulty of making tight joints at high pressures, 
in many ships the cause has been the cutting of the valves and seats by scale and 
other foreign matter blown out of the steam collector. Where this has occurred, it 
has been remedied by having the steam collectors thoroughly washed out and the 
valves refitted. 

With the newer machinery designs the simplification and galvanizing of the 
internal baffle plates will reduce the liability of leakage due to this cause, and as 
opportunities offer the steam collectors of the older designs are also being galvanized 
and simplified. 

In a few cases the leaky safety valves experienced were due to defective designs 
which were not suited to the high pressure, and new valves were fitted. 

BURSTING AND OVERHEATING OF BELLEYILLE BOILER TUBES. 

Either bursting or overheating has occurred in the Prnverfvl, Terrible^ Arroganty 
FuriouSy and Hermes. In new ships, on contractor's trials, when overheating has 
occurred, it has l)een principally through obstructions to the circulation of water by 
some foreign matter, such as wooden plugs or waste being left in the boilers. In a 
few cases, defects of manufacture have been the cause, especially before the manu- 
facture of solid-drawn tulles was properly developed. This was the case in the Pow- 
erful. In ships in commission the cause has generally l)een either shortness of water 
or the presence of saline deposits in the tubes due to the admission of sea water, 
while the necessary blowing off to keep dow^n the density under these conditions was 
neglected. This was the case in the Terrible. In the Arrogant there was a combina- 
tion of these two causes. In the Furious only two very small splits occurred in two 
adjacent tubes. They were not observed until the boilers were examined after 
steaming. The tubes were clean, but the general appearance of the elements of 
which these tubes formed part showed that overheating was the cause. No doubt 
this boiler had been short of water. 

With tubes of the quality now supplied to our boilers, provided solid deposits are 
excluded and the proper quantity of water is kept in the boilers, this source of trouble 
should be eliminated. 
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6ALT water OBTATNINO access to BELLEVILLE BOILERS. 

Cases have occurred in which sea water has been used in these boilers without 
much inconvenience, provided proper precautions are taken, but on the return voy- 
age of the Terrible from Malta with relief crews, the undesirability of allowing any 
access of sea water was shown. Although, as stated above, sea water can be used if 
care and due precautions are exercised, yet the small quantity of water contained in 
the boilers renders the rise of density comparatively rapid and the danger of saline 
deposits correspondingly great, especially at low rates of combustion. In the TerribU 
many of the tubes were salted up and burst or were otherwise damaged. The sea 
suctions of all feed pumps have now been blanked off to prevent the unauthorized 
use of salt water, this and leaky condensers being the usual causes of salt water getting 
into the boilers. 

The total number of tubes that have been removed as defective from each ship is 
given in Table No. VI. 

It will be seen from this table that, excluding Hermes, which is an entirely excep- 
tional case, most of the defective tubes occurred in the Powerful, Terrible, and Arro- 
gant, which were the first ships commissioned. The greater part of these occurred in 
the earlier part of their commissions, when the management of the boilers was less 
understood. 

Since the accident to the Terrible, in the previous paragraph, the number of tubes 
damaged has been very much reduced. 

Table No. VII shows the total number that have become defective in the whole 
fleet since the date of that accident, excluding Hermes. 

BOILER TUBES BEING PULLED OUT OP JUNCTION BOXES: 

This has occurred in two ships, the makers of the boilers being the same in each 
case. It was due to the thread in the junction box being defective, and was a case 
of bad workmanship which the overseers had not detected. 

FEED-COLLECTOR TUBES LAMINATED. 

In a few cases laminations have developed in these tubes, principally on the fire 
side. The cause was defective manufacture. 

Where this defect has occurred, however, it has not been such as to interfere with 
the steaming of the particular boiler. The laminated tubes have been removed and 
new ones fitted. These feed collectors are now being laiigely matie from solid bars 
bored hollow. 

SMOKE-BOX DOORS OP BELLEVILLE BOILERS DEPECTIVE. 

These doors are found sometimes to warp and buckle under the influence of exces- 
sive heat, occasionally resulting in the bolts of the doors not entering properly into 
their soi-kets. This defect, if not remedied, causes a loss of economy in combustion. 
The overheating is generally due to inferior stoking. In the newer ships, the smoke- 
box doors are being made of smaller dimensions and of a stiffer design, which will 
reduce the tendency to this defect. 

THE ADOPTION OP WATER-TUBE BOILERS IN FOREIGN NAVIES. 

Practically all foreign nations may be said to have adopted water- tube boilers in 
some form or another, almost to the entire exclusion of cylindrical boilers. 

France was the first in the field, and has adopted many different types. 

The principal ones are the Belleville, I^rafel D'Allest, Niclausse, Normand, 
Guyot, and Du Temple boilers, the last three l)eing small tube types. 

Germany has in some cases combined cylindrical with water-tube boilers of small 
tube types, either Thornycroft*s or Schiiltz, which is similar. They have also the 
Diirr, Niclausse, and Belleville. 

Russia has principally Belleville boilers, with a few Niclausse, Schiiltz, Normand, 
and other kinds. 
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United States have combined cylindrical with Babcock and Wilcox or other types 
in some of their ships. Their new vessels are all to have water-tube boilers. Two 
battleships under construction have Thornycroft boilers and one Niclausse. 

Italians have Belleville or Niclausse in their lai^ ships building. 

Dutch have Yarrow or Yarrow in combination with cylindrical lx)iler8. 

Norway and Sweden principally Yarrow. 

Japan, Belleville. 

CONCLUSION. 

Surprise is naturally felt by those who are not fully conversant with the whole of 
the circumstances, that difficulties connected with the management of water-tube 
boilers and high-pressure machinery should take so long to overcome, and they are 
apt to assume that because they are not all removed in the three or four years that 
have elapsed since water-tube boilers were introduced into the British navy they 
must l)e insuperable. 

A little consideration will show that up to the present, and for some time to come^ 
the engine-room staff of every newly commissioned water-tube boiler ship must be 
largely composed of those who have had no previous experience of this type of 
machinery, as the number of water-tube boiler ships in commission has up to the 
present borne so small a proportion to the total number of ships for which crews 
are provided. The rate at which crews can be trained will increase rapidly as more 
water-tube boiler ships become available, and as special arrangements for training 
engineers, engine-room artificers, and stokers augment the number of men with 
experience of these boilers. 

When defects of any importance occur in any part of the machinery of new ships, 
the best method of dealing with them is considered, by the makers of the machinery, 
who are responsible for the design and have great interest in maintaining its effi- 
ciency, by the dockyard officers, who have the experience of all similar defects that 
have been dealt with at their own yard, and by the Admiralty engineers, who are 
in close touch with all the dockyards, as well as with all the contractors and the 
officers afloat. 

For each defect the first thing is to determine the true cause, which is often diffi- 
cult to ascertain. It must then be determined whether the defect might not be 
avoided if some different method of treatment was adopted, or some precaution to 
prevent improper management was introduced, and finally, if an alteration is to be 
made, what the alteration should be in each case. Each of these steps requires time 
for investigation and experiment, which must, as a rule, be carried out without inter- 
fering more than can possibly be helped w^ith the service on which the ship is 
employed. 

Alterations, when decided on, can only be carried out when the ship can be spared, 
which is generally only when she is in dockyard hands for other purposes, and the 
efficiency of each alteration must generally be tested by actual experience in one or 
two ships before it is carried out generally. 

Improvement is, however, steady and continuous, and may be expected to become 
more rapid as all concerned, including the engineering staffs at the Admiralty, dock- 
yards, and contractors* works, as well as the engineers of the ships, gain experience- 
There is no doubt that the advance from cylindrical to water-tube boilers, with 
its accompanying great increase in pressures from 150 i)ounds to 250 pounds at 
the engines, has for the present added greatly to the anxieties of the engineers in 
charge of the ma<'hinery. This is inevitable when any change of this magnitude is 
made, involving as it does such a multitude of small details. 

It should be fully recognized that these officers have at first a difficult task, and 
that time is necessary to enable them to gain experience in the best way of dealing 
with all emergencies that arise under the new conditions. 

Most of the difficulties are got over after a ship has l)een some time in commission, 
especially if the service she is employed on permits of time and opportunity being 
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^iven to remedy all the defects that are discovered; and the difficulties are all of 
such a nature that it may be confidently expected that they will be successfully 
overcome, by comparatively small modifications of design or manipulation, as expe- 
perienoe is gained. 

Men-of-war must be designed to cope with those of foreign countries that they 
may have to meet in war, and no country can afford to relinquish such a decided 
advantage in speed for a given weight as the trials of Highflyer and Minerva showed 
to be given by water-tube boilers, or the great advantage of getting up steam and 
increasing speed rapidly, unless there were strong grounds for supposing that the 
numerous defects in details which now render the machinery somewhat less reliable 
than older and well-tried types were likely to be permanent. 

This is certainly not the case. All the experience in our commissioned ships 
shows that the defects from which they at first suffered are being rapidly overcome, 
and it is practically certain that if we were to revert to cylindrical boilers and accept 
the sacrifice of speed or increase of displacement that it would entail, we should find 
that before the first ship was completed all the difficulties of detail which now give 
us trouble in water-tube boiler ships will have been overcome, and all our new ves- 
sels would be distinctly inferior to those of all other countries, with no compensating 
advantages. 

Taking the results of the Highflyer* 8 and Minerva* s trials as they stand, and putting 
the 100 tons of weight saved in the machinery of the former into horsepower instead 
of guns, the gain of speed due to the water-tube boilers under practical seagoing 
conditions can not be put at less than a knot, a result which is borne out in a general 
way by the comparisons of other runs of vessels with cylindrical and Belleville boil- 
ers, respectively, though in these cases equally precise conclusions can not be drawn 
from them, owing to the form and dimensions of the ships compared not being 
identical. 

Thus, if the Admiralty of the day had not decided to put water-tube boilers into 
the PowerfiA when she was designed, or the subsequent successive boards had hesi- 
tated to follow their policy, and had waited until the whole of the minor difficulties 
involved in the change had been overcome, the magnificent fleet which has been 
built, building, and projected since that time, consisting of — 

Battleships: 

Canopus* 6 

Formidables 8 

Duncans 6 

20 

Armored cruisers: 

Drakes 4 

Cressys 6 

Monmouths 12 

22 

Protected first-class cruisers: 

Powerfuls 2 

Diadems 8 

10 

Second-class cruisers: 

Arrogants 4 

Hermes* 5 

9 

making a total of 61 ships, would have had at least a knot less speed than they now 
will have, or an equivalent sacrifice would have had to be made in other directions, 
which, to gain a knot at the high speeds now necessary, would be very considerable 
in amount. 

2597— No. XIX 14 
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Table IV. — H. M. S. Duma—RetvUs of waier-coTmimption trials. 

[Made in May and Jane, 1899.] 



Description of trial. 



Thirty houra at 800 

I.H.P. 
Twelve hoon at 1,600 

I.H.P. 
Thirty honrs at 1,000 

I.H.P. 
Thirty hours at 4,800 

I.H.P. 
Thirty hours at 6,400 

I.H.P. 
Eight houn at 8,000 

I.H.P. 






9> 

a 






8.8 
16.6 
16.6 
50.0 
66.6 
88.3 



Steam presBure. 



t 
I 



101 



124 



117 



133 



138 



150 



96 



120 



113 



128 



129 



144 



i 



97 



121 



113 



128 



129 



144 



Pounds of water 
per L H. P. per hour. 



S 

a 

t 



20.50 



18.94 



18.26 



17.09 



17.9 



17.76 



i 



5.68 



4.21 



3.29 



2.14 



2.56 



1.94 



26.27 



23.15 



21.55 



19.23 



20.46 



19.69 



■gw 



2.82 



2:52 



2.52 



2.02 



2.38 



2.39 



Bemarka 



Cutpoff in H. P. cylin- 
der 88 per cent 

Cutoff in H. P. cyljn- 
44.5 per cent. 
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Table V.—H. M. S. nermeB—Bmi&t ofwattr-toiuampUtm inaU. 
[Made in Hay and June. ISM.J 



Twelve houra at 



Twelve honre at 



Thirtr bouTS at Z,<100 



Eight houniBl 
I. H. P. IClosed 
exfaaUBt ■ystem 



»w 


npre«nre. 


Pounds of wa 
I. H. P. per 


sr 


1 




] 


¥ 


I 
5 
l_ 


1 


1 


5 


Remarks. 


» 


,. 


123 


=., 


... 


2«.« 


2.6 
2.3 


Main links linked up 
as far an pnclica- 
ble. CutfldlnH.P. 
cylinder 1S.B per 
cent 

Main links In mil 
gear; Independenl 

oRluH.P.cyliDdera 
4J.8 per cent. 


196 


128 


127 


i-.oa 


1.22 


21.28 


1.78 




»» 


223 


222 


iy3 


2.. 


.7.4 


i.67 


 


2M 


228 


219 






18 M 


16 


Aoilllnry eshausl al 
28 pounds pressure 






























































1. P. receive™. 
















Auxiliary eilinust al 






























m use on L. P. re- 


















240 


281 


228 


16. W 


2.06 


17. (W 


1.58 
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Table VI. — Particulars of tubes renewed in Belleville boilers. 



Name of ship. 



Sharpfihootcr 
Hcrmos 

Terrible 

Diadem 

Furious 

Europa 

Arrogant 

Powerful 

Niobe 

Andromeda . 
Highflyer. . . . 
Vindictive... 

Gladiator 

Argonaut 

Goliath 

Canopus 

Ocean 



Total number of 
tubes fitted. 



Genera- 
tor. 



1,080 



2,268 



7,200 
3,332 

2,880 
3,332 
2,880 
7,200 
3,332 
3,332 
2,268 
2,880 
2,880 
3,192 
2,450 
2,450 
2,450 



Econo- 
mizer. 



Nil. 



1,944 



Nil. 
2,576 

Nil. 
2,676 

Nil. 

Nil. 
2,576 
2.576 
1,944 

Nil. 

Nil. 
4,560 
2,600 
2,600 
2,600 



Generators. 



Economizere. 



Downcast 



6 tubes (defective) 

A number of tubes de- 
fective and now being 
renewed. The follow- 
ing have been ordered 
and sent to Bermuda: 

. 54 elements, 460 tubes . . 

7 elements, 78 tubes 

8 tubes (defective) 



6 tubes (defective) . . 

I tube (defective) 

35 tubes (defective) . 

I I elements, 35 tubes 

1 tube (defective) 

Nil 

Nil .* 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 



18 elements^.. 



5 tubes (de- 
fective) . 



Nil 



Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 



Nil. 



5 tubes. 
Nil. 

Nil. 

NU. 

Nil. 

20 tubes. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 



NoTK.— An element conslHts of 14 or 20 tubes in the generators and from 12 to 20 in economizers, but 
in many cases a whole element is removed ior convenience when only one or two tubes are defective. 
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Table VII* — Total number of Bdleville boiler tubes (excluding Hermes) which have failed 

since the accidenl in the Terrible in March, 1899. 



Name of ship. 



Powerful.. 
Terrible... 
Diadem . . . 
Furious . . . 
Arn^ant. . 
Europa ... 

Total 



Generator 
tubes. 


Economizer 
tubeH. 

Nil. 


Downcast 
tubes. 


7 


10 


Nil. 


Nil. 


Nil. 


8 


5 


Nil. 


3 


Nil. 


Nil. 


4 


Nil. 


Nil. 


1 


Nil. 


Nil. 


23 


'5 


10 



Total. 



17 
Nil. 

13 
3 
4 
1 

38 



Excluding Hermes, there have been only 38 tubes renewed in the whole fleet since the accident in 
the Terrible of March, 1899. Of these 10 were downcomer tubes. Their decay is attributed to defect- 
ive design. Thirteen were the pitted tubes in the Diadem and 9 were due to defective material, 
namely, 6 lap- welded tubes and 4 solid drawn of the earliest manufacture. 

As a result of the Minerva and Illyhfiyer trials, trials of boilers 
with small tubes are being urged. A comparison of small-tube boil- 
ers in nine ships with those of the Pearl class is given in Table VIII, 
taken from Sir Albert John Durston's article on " Recent trials of the 
"machinery of warships." Table IX, compiled from the tables of the 
same article, gives the averaged results of boilers of different types 
and periods. 
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Name of ship. 



Pearl claw. 



Pactolus. 



Pegasus 



Pelorus 



PeTBeasV 



Pomone * 



Proserpine. 



Prometheus » 



Psyche* 



Table VIIL—THIRD-CLASS CRUISERS. 



{Vertical, 8-cylln- 
der, triple -ex- 
pansion. 

Vertical, 3-cylin- 
der, triple -ex- 
pansion. 



Pyramus? do 



Description of 
engines. 



.do 



.do 



.do 



.do 



.do 



.do 



.do 



Number 
and tvpe 
of boiler. 



4 double- 
ended; 4 
furnace. 

8 Blech- 
ynden. 



8 Reed. 



8 Nor- 
mand. 

8 Thom- 
ycroft. 

8 Blech- 
ynden. 

SThorn- 
ycroft. 



.do 



.do 



8 Reed. 



Mean results of trials. 



Diameters and 
ratios of cylin- 
ders. 



Steam 
pressure. 



301 in., 46 in., 
68 in., 1:2.17: 
4.97. 

aOi in., 33 in., 
54 in. I:2.d9: 
6.93. 

do , 



.do 



.do 



.do 



.do 



.do 



.do 



.do 



Average for 30 hours at 3,500 H. P. •. 

Average for 8 hours at 6,000 H. P 

Average for 4 hours at full power w . 




1 Full-power trial has not yet taken place. 
'Particulars for full power are from specifi- 
cation. 
> Calculated from specified I. H. P. 



4 Mean results of Pomone's and Psyche's trials 
are based on preliminary reports only. 
B Particulars are from specification. 
* Calculated from specified particulais. 
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Table VIII.— THIRD-CLASS CRUISERS. 



Mear 


I results of 


Ck)alperI.H.P. a 
per hour £. 
(pounds). * 


Weights. 


Riirfft/VM 


I. H. P. per 

ton (mean 

I.H.P.). 


Weight in poi 
Deri H F 


ands 

> 


I. H. P. per square 
foot of grate (mean 
I.H.P.). 


(4 d 


5,016 
7,469 


• 

1 

i 

n 

a 

8 
4 


i? 

< 




(mean I. H. P.). 






1, 

A 




 

if 

g 


1 
1 


1 


i 


1 


a 

240 
162 


.2 
1.4 




589 
539 


814 

m 


410 
410 


11.025 
11,025 


9.8 
18.8 


16 
28.8 


100 
68 


14b 

94 


12.2 
18.2 


2.1 
1.47 


3,631 
5,428 
7,201 
3,698 
5,400 
7,127 
3,559 
5,379 
7,094 
3,627 
5,243 


30 
8 
4^ 

30 
8 
4 

30 
8 
4 

80 
8 

«4 

80 
8 
4 

30 

8 

4 

^30 

•8 

•4 

30 

8 

4 

•30 

•8 
.»4 


1.18 
1.11 
3.8 

.4 

.86 
2.44 

.78 
1.7 
4.8 

.3 
1.1 


2.46 
\ Not 
jtaken. 

1.96 
\ Not 
[taken. 

2.2 


883 


188 


849.7 


17,604 


9.48 

1 14.16 

1 18.78 

9.78 

J 14.28 

I 18.85 

9.84 

14.06 

18.58 

9.93 

14.86 

•19,17 

•10 

•16.4 

•20.4 

8.9 

18.08 

17.44 

•9.72 

•13.88 

•19.44 

•10.1 

•14.16 

•19.46 

•9.72 

•18.88 

•19.44 


19.41 

28.91 

88.86 

19.98 

29.15 

88.48 

21.06 

81.79 

41.92 

21.96 

81.77 

•42.42 

•21. 19 

•32.6 

•43.15 

21.18 

31.04 

41.66 

•22.43 

•82.06 

•44.87 

•22 

•80.9 

•42.46 

•22.01 

•31.44 

•44.02 


121 

82.5 

60.5 
117 

80 

61 
184.5 

88.5 

66.5 
128 

85.6 
•64 
•118 
•76 
•68 
147 
100 

74.5 

•120 

•91 

•66 

•120 

•86 

•62 

•128 

•89 

•64 


116 

76.5 

58.6 
112 

77 

68 
106 

70.6 

68.5 
102 

70.5 
•68 
•106 
•69 
•52 
105 

72 

53.5 

•100 

•70 

•60 

•102 

•78 

•63 

•102 

•72 

•61 


236 

168 

119 

229 

157 

119 

240 

159 

120 

225 

156 

•117 

•224 

•146 

•110 

262 

172 

128 

•230 

•161 

•116 

•222 

•158 

•115 

•230 

•161 

•115 


10.41 
15.62 
20.59 
10.27 
15 

19.79 
10.16 
15.87 
20.26 
10.27 
14.85 
•19.88 
10.29 
15.8 
20.97 
10.47 
16.8 
20.48 
9.91 
14.16 
19.88 
10.4 
14.65 
20.01 
9.72 
18.9 
19.44 


4.82 
3.22 


878 


185 


860 


18,876 


2.43 

6.1 

8.49 


882 


109 


860 


15,866 


2.64 
4.46 
2.94 












2.28 


2.1 
2.26 


865 


165 


853 


^7,760 


4.89 
3.38 


«7,000 










•2.54 


3,600 

5,541 

7,340 

3,644 

5,336 

7,145 

•3,500 

•5,000 

•7,000 

3,637 

5,095 

7,006 

•8,500 

•5,000 

•7,000 


.87 

1.4 

2.77 

.53 

.94 

2.9 


2.45 

Not 
taken. 
2.4 
2.47 
8.16 


•860 


•170 


350 


17,504 


4.87 
8.17 


409 


172 


848.75 


20,508 


2.39 
6.62 
8.84 










2.87 


•860 


•166 


853 


17,760 


6.07 






3.56 














2.54 


.4 

8.7 


2.31 
2.44 


•860 


•165 


350 


20,508 


5.64 
4.02 










2.93 




•360 


•159 


360 


18,876 


5.39 






8.77 












• 


2.69 
















3,628 

•5,888 

7,152 


30 

•8 

4 


.64 

•1.18 

8.28 


2.27 
•2.86 


883 
388 

888 


176 
176 
178 


852.8 


18,100 


9.65 

•14.21 

18.92 


20.95 

•80.88 

40.99 


126 
•86.4 
68.5 


107 
•72.6 
54.6 


288 

•158 

118 


10.32 

15.2 

20.35 


6.06 
•8.44 






2.68 









7 Vessel not yet tried. 
9 Average for sev^o ships. 



• Average for six ships; coal per I. H. P. for three 

ships only. 
10 Average for six ships. 
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Table IX. 










/• 










Mean results of trials. 


Name of ship. 


Description 
of engines. 


Number and 
type of boilers. 


Diameter of 

cylinders and 

ratiott. 


Stroke. 


Rev- 
olu- 
tions. 


Piston 
speed 


Steam 
pressure. 




(feet . 
per 
min). 


Boil- 
ers. 


En- 
gines*. 


BaiOafups. 




Ft. 


In. 






Eight vessels built 
under naval-de- 
fense act. 


Vertical 
inverted 
tri-com- 
pound, S 
cylinders. 


8- cylindrical 
single end- 
ed. 


40 in., m in., 
88 in. 1:2.2: 
4.8. 


4 


3 


^\m. 1 

^ 96.8 
[103 


876 
823 

875 


149 146 
160 147 

[ 
149 > 145 


Magniflcent (10 
vessels). 


do 


do 


do 


4 


'A 


97.3 


827 


148 144 






« 






83.8 


712 


140 ! 138 


Ganopus (6 vessels) 


do 


20 Belleville. 


30 in., 49 in., 




' 




1 






with econo- 


80 in. 1:2.7: 


4 


3 1 108 


918 


300 250 






mizers. 


7.1. 














Formidable and 


do 


do 


31i in., 51^ 














Bulwark. 






in.. 84 in. 
1:2,7:7.1. 


4 


3 108 

i 


918 


800 ! 250 

i 


Cniiters, firti clou. 
Terrible, Powerful. 


Vertical 
triple-ex- 
pansion, 
4-cylin- 
d e r, 4- 
crank. 


48 Belleville, 
without 
economizers. 


• 

45 in., 70 in.. 
2 of 76 in. 1: 
2.4: 5.7. 


V 




1 


( 65.8 
102.75 
109.2 
113.2 


526.4 
822 
873.6 
9a'. 6 


216.5 
227.5 
231.0 
243 


171 
197.5 
196.5 
202 


Andromeda (4 ves- 


do 


30 Belleville, 


34 in., 55i In., 






[67.9 


543.8 


218.5 160. 5| 


sels). 




with econo- 


2 of 64 in. 


4 





106.5 


852 


267 


230 






mizers. 


1:2.66:7.08. 






116.6 


933.2 


286.5 


236.7 


Edgar class 


Vertical 
triple-e x- 
pansion, 
8-cylin- 
der. 


Return tube; 
five have 4 
double-end- 
ed and 1 
single -end- 
ed; four 
have 8 sin- 
gle-ended. 


40 in., 59 in., 
88 in. 1: 
2,17: 4.84. 


 

4 


3 


f 99.1 
1102.7 


842.3 
923 


150 
146.2 


146.6 
143 


Cruisen, second 




















da»9. 




















Diana class (9 ves- 


Twin-screw 


8 3-furnace. 


33 in., 49 in.. 






[141.2 


937.3 


151 


147 


sels. 


vertical,3- 


cylindrical 


74 in, • 1: 


3 


3 


. 135.4 


880.1 


150 


147 




cy Under, 


single-en d- 


2.2: 6.0. 






116.4 


756.6 


142 


139 




triple-e x- 


ed return- 
















Apollo and Astnea 
classes. 


panaion. 
Vertical, 
8-cylin- 


tube. 
Return-tube . . 




3 


3 


rl30.8 
1140 


850.2 
910 


145.0 
147.0 


141 
142.5 








der,trlple- 


















Arrogant class (4 

vessels). 


expansion. 
Twin screw 
8-cylin- 
der.trlple- 


18 Bellevfllc, 
wi th out 
economiz- 


26 in., 42 in., 
68 in. 


}« 


3 


139.5 
126.2 
85.09 


906.4 
820.4 
553.1 


265.6 
255.7 
220.3 


241.4 
224.6 
182 




expansion. 


ers. 

















The (Xtnopus, Fomiuiable, and BtUtcark cliuwes have tiot had their trials. The data is, therefore, 
calculated from specified particulars. In the AjwWt and Antrrra classes 19 vessels have cylinden 
83i inches, 49 Inches, and 74 Inches; ratios, 1: 2.18: 4.i>i-. The remainder have cylinders 83 inches, 49 
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Table IX. 



Mean results of trials. 


Weight*. 

 


Surfaces. 


I. H. P. per 
ton (mean 
I. H. P.). 


Weight in pounds 
per I. H. P. 
(mean I. H. P.). 


I. H. P. per square 
foot of grate 
(mean I. BL P.). 


Heating surface per 
I. H. P. (mean I. 
H. P.). 


I. H. P. de- 
veloped 

(mean). 




Is 




Si o2 


X 0^ 


• 






• 

Co 

n o 


i 

a 

U 

a 


t— « 

1 


i 


11,500 
9,430 


4 

8 


0.80 
0.30 




}l,163 


595 


731 


20,438 


|10 
I 8.1 


19.7 
15.8 


113 
146 


116 
141 


287 


\ 
16 
12.9 


1.7 
2.1 


12.414 


4 


0.85 


2.40 


^ 








[ 9.3 


17.1 


111 


131 


242 


15.2 


2.0 


10,404 


8 


0.27 


2.26 


ll,341 


724 


817 


25,233 


1 7.8 


14.4 


132 


156 


288 


12.7 


2.4 


6,170 


30 


Nil. 


1.77 










[ 4.6 


8.5 


225 


261 


486 


7.6 


4.1 


rl3,500 
110,350 

rl5,0GO 
111,600 


8 
30 






1 




1,050 


83,770 


f 10.6 
I 8 


21.7 
16.6 


111 
114 


103 
135 


214 
279 


12.9 
9.8 


2.5 






|l,290 623 


3.3 


8 
30 






1 




1, 170 


37,120 


f 10.7 
I 8.2 


22.2 
17 


108 
142 


101 
131 


209 
273 


12.8 
9.8 


2.6 


1 


|l,400 675 


3.2 


6,056 
18,479 
22,647 


30 


0.25 


2.18 




f 




















30 
4 


0.86 
0.34 


1.77 
1.96 


2,230 


1,156 


2,200 
2,200 . 


67,800 
67,800 


8.29 
10.10 


16 
19.49 


130 
107 


140 
115 


270 
222 


8.39 
10.24 


3.66 
3 


26,774 


4 


.325 


2.11 






2,200 


67,800 


11.55 


22.28 


94 


100 


194 


11.71 


2.63 


3,339 
12,785 


30 
30 


0.256 
0.287 


2.04 
1.71 


[l,540 


767 




















1,460 


40,990 


8.30 


16.66 


135 


135 


270 


8.75 


3.20 


16,961 


8 


0.305 


1.73 


1 




1,460 


40,990 


11.01 


22,11 


103 


101 


204 


11.60 


2.41 


10,517 


8 


0.2 


1.70 


1,161 


646 


812 


24,908 


9 


16.2 


111 


138 


249 


12.9 


2.3 


12, £51 


4 


0.7 




1,161 


646 


812 


,2.1,908 


11.1 


20.1 


91 


111 


202 


16.2 


1.9 


9,846.7 


4 


1.06 




916 


648 


623.8 


18,579 


10.76 


17.97 


84 


124 


208 


16.79 


1.88 


8,307.3 
4,901 

7,423 


8 
80 

8 


0.38 

Nil. 

0.3 


2.18 
1.G4 










9.07 
5.35 

9.92 


15.16 
8.95 

17.0 


99 

168 

94 


148 
260 

132 


2^17 
419 

226 


18.82 

7.86 

12.9 


2.23 










3.78 


748 


434.4 


575 


15,641 


2.1 


9,271 


4 


1 




748 


434.4 


575 


15,641 


12.40 


21.3 


76 


105 


181 


16.1 


1.7 


10,240 


8 


0.06 




825 


463 


869.4 


25,606 


12.34 


22.48 


82 


99 


181 


11.82 


2.49 


7,275 
2,186 


30 
30 


Nil. 

Nil. 


2.00 
2.37 


1 


869.4 
289.8 


25,606 
8,536 


8.76 


15.95 


116 


141 


257 


8.89 


3.62 


. ..I 























inches, and 74 inches: ratias, 1:2.25:5.03. Twenty-one have three double-ended and two single- 
ended boilers, and eight vessels have eight single-ended return-tube boilers. 
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The following extract from U Eclair^ March 29, 1900, upon these 
trials will be found interesting: 

One of the principal difficulties to be solved in the navy is that of endowing the 
ships with the best boilers. All the maritime powers have been endeavoring for a 
number of years to find the type of boiler w^hich will meet all the requirements of 
economy, power, and security, but the problem has remained unsettled, and the 
solution has not yet appeared. 

Our readers may, perhaps, remember that the Eclair has several times urged that 
comparative trials be made with the different systems in use in the French navy, in 
order to note the results obtained and draw from them useful lessons. We have 
asked that trials be made with three ships of the same power and tonnage, the 
Bu{feavLdf the Friantf and the Chasseloup-Laubat, which exactly meet the conditions. 

These experiments, which meanwhile would have been very instructive, have 
never taken place among us, but the English Admiralty has just effected similar 
trials, which are very much talked of at this moment in the maritime world. 
Although less complete, 1^ conclusive than those which we have desired, they are 
not less interesting. 

THE 8Y8TEM8 TRIED. 

The comparative trials which took place in England were made with the cruisers 
Minerva and Highflyery of 5,600 tons each. The first of these ships, fitted with 
cylindrical boilers, developed 9,000 H. P., and attained a maximum speed of 19 J 
knots. The second has water-tube boilers of the type adopted by the British navy 
for all their new ships. Her horsepower is 9,000 and her maximum speed 20i knots. 

The object of the trials was to determine the advantages and disadvantages of the 
two types, and the results obtained were to enable a definite decision to be made as 
to whether cylindrical boilers were preferable to multitublar ones, or vice versa. 

Attention should, however, be called to the fact that under the conditions pre- 
scribed these trials did not in any definite manner solve the problem proposed; 
being insufficiently complete, they merely permitted a parallel to be established 
between cylindrical boilers and the water- tube generators established by the 
Admiralty. No definite conclusion can be drawn from them as to the respective 
value of water-tube boilers in general and cylindrical boilers. More extensive 
experiments, such as those i^uested by us, would alone permit of a definite 
comparison. 

However that may be, the trials that have just been made by our neighbors are, 
nevertheless, very interesting. 

It is interesting to note, first of all, that, in the trial at full speed, the coal con- 
sumption per horsepow^er and per hour amounted, for the Highflyer y to 1 kilo 141 
grams, while in the acceptance trials, under the same conditions, the consumption 
was only 638 grams. 

Hence, in practice the consumption of coal per horsepower and per hour for the 
boilers of this cruiser was almost double that during the acceptance trials. These 
results prove how little confidence can l>e placed in the latter trials which everybody, 
contractors and Admiralty alike, are always interested in showing forth as excellent 

This series of experiments, therefore, gives the advantage to cylindrical boilers, 
showing less consumption of coal, greater regularity of action, less inertness of 
apparatus, and greater promptness in restoration to a condition of service. Never- 
theless they do not suffice as yet for a conclusion that the cylindrical boiler is superior 
to the water-tube boiler. Only one thing can be affirmed, which is that it is 
preferable to the multitublar type adopted by the English Admiralty with which it 
has l^een compared. 

It is not to be denied that the water-tube boiler, as compared with cylindrical 
boilers, shows military advantages upon which its use on war ships rests, but it 
should be known how to choose among the tyi)es employed, and that is why we 
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demandeil in 1896 and 1898, as we still demand to-day, that earnest experimenie be« 
made with the different types actually in service. Let us imitate our neighbors, but 
let us extend the scope of our experiments. Let us not forget that the boiler is the 
soul of the ship. 

At the same time that the trials of which we have just spoken were being con- 
ducted the English Admiralty arrived at another equally interesting decision. It 
decreed that in the future no multitubular boilers should be accepted having tubes 
of less than 75 to 82 millimeters diameter. 

This determination is the more singular since all water-tube boilers of English 
origin are of the same type and have tubes of small diameter. The English have 
recognized in these different models a grave inconvenience, which we have also 
observed in France, which is that these tubes are difficult to examine, clean, and 
repair; so much so that boilers of this model can hardly undergo a service of twelve 
or fifteen hundred hours of heating without it being necessary to change almost the 
whole tubular system. 

In France we have gone further than our neighbors in the use of boilers with 
small tubes. In England their use has been limited to the smaller vessels, but we 
have placed them upon certain of our ships of heavy tonnage, such as the Jeanne 
cTArcy the Montcalniy the Chaieaurenaully etc. We have gone so far in this direction 
that the power represented by apparatus of this kind at the present time amounts to 
more than 250,000 horsepower. We should show proof of wisdom if, like our 
neigh lx>ra, we would take the trouble to assure ourselves in advance of the com- 
parative value of the implements of warfare which modern inventions place at our 
disposition. 

A writer in the Marine Fran^ise makes the following comments upon the econo- 
mizers and their injurious influence in the case of boilers of the type used by the 
Highflyer; that owing to the difficulty^ of finding space in ships of war for the econo- 
mizer several of the upper rows of tubes of the boiler have to be taken away, thus 
considerably reducing its heating surface; and that, because the tubes of the econo- 
mizer, through which fiows water of a relatively low temperature, have a tendency 
to become fouled, as happened to the battleships Charlemagne and GatUois in their 
voyage from Brest to Toulon, when the economizer tubes were, after their arrival, 
found to be fouled with a coating 3 or 4 millimeters thick, thus preventing the full 
use of heat. The results of the Minerva-Highflyer trials are summed up as follows: 

1. That the water-tube boilers of the Highflyer consimied more fuel at all speeds 
than those of the Minerva^ the difference at low speeds amounting to 27 per cent. 

2. The coal consumption of the Highflyer was practically double what it had been 
at the delivery trial, making a considerable reduction of the radius of action. 

3. That the economizers are not only useless, but are prejudicial after working for 
a certain length of time; and are, besides, objectionable in a military point of view, 
owing to their exposed position. 

4. That the water-tube system adopted by the Admiralty is defective in the sense 
that a vessel is immobilized for a relatively long period after each period of steam- 
ing, in order that the tubes may be cleaned and repaired. 

THE seagull's TRIALS. 

In the last annual there appeared an article upon the trials of the 
Seagull (Niclausse boilers), Sharpshootef* (Belleville boilers; no econo- 
mizers), and the Shelldrake (Babcock- Wilcox boilers), and as the Sea- 
guU had not at that time finished her trials the following information 
is given to complete the comparison of the diflFerent types: 

The Seagull^ a torpedo gunboat of 735 tons displacement, is the 
onl}^ vessel in the English navy fitted with Niclausse boilers. The 
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great advantage claimed for this boiler is the facility with which the 
tubes can be removed and replaced. The tubes are straight and of 3i 
inches diameter. 

The SecujfvU^ whose maximum horsepower is 3,000, was to make 
nine trials of 1,000 miles each — four at 1,350 horsepower, two at 
1,600, two at 1,780, and one at 1,900; but she only used four of her 
six boilers, and consequently the actual power at the time of the last 
trial was nineteen-twentieths of the maximum for the boilers in use. 

The mean of the nine runs gave a coal consumption for the main 
engines of 1.9 pounds per horsepower per hour, and 2 pounds for all 
purposes. 

In four of the runs the SedguU did not complete the 1,000 miles, 
owing to bad weather. In the first four trials the I. H. P. ranged 
from 1,354 to 1,371, and the speed varied from 13 to 13.-6 knots. The 
fifth trial gave a speed of 14.48 knots with 1,611 I. H. P., and the 
sixth, with 1,631 I. H. P., increased the speed to 14.6 knots. The 
seventh trial was carried on in bad weather and had to be abandoned 
when 855 miles had been run; but with 1,798 I. H. P. the SedgvU 
averaged 15.2 knots. The eighth trial was run in fine weather and 
the 1,000 miles completed, when a speed of 15.4 knots was made with 
1,800 I. H. P. On the ninth trial a speed of 16.07 knots was made, 
with 1,947 I. H. P. 

According to the accounts in the press, what impressed the 
English officers and engineers most was the facility with which a tube 
could be replaced. The experiment was made, and according to 
reports, in twenty-five minutes the fires of one of the boilers were 
banked, a tube was exchanged, and steam was once more got up. It 
was also ascertained that steam can be obtained very rapidly — in about 
ten minutes; that one can pass from one rate of speed to another in a 
few seconds, and always produce extremely dry steam. 

No accidents occurred during these trials and the boilers were 
tended by the ship's force. 

The system of using water-tube boilers in the German navy dijflfers 
to some extent from that customary in the navies of the other princi- 
pal powers. This system is described in the following article trans- 
lated from Internationale Reime u, d. ges, Anneen und Flatten^ J^o^y^ 
1900^ which also shows the methods adopted in their most recent ships: 

THE QUESTION OF WATER-TUBE BOILERS IN THE GERMAN NAVY. 

Referring to the article on page 62 of the January number of this magazine, treating 
generally of the question of water-tube boilers used by the principal sea powers, the 
following pages will speak more particularly of this question as for as the German 
navy is concerned: 

As to the types of boilers adopted by the German navy, both the home and the 
foreign press have recently made frequent statements, which, in many respects, can 
not lay claim to accuracy. In most cases it has been definitely stated that a certain 
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tyx)e was preferable to all others, an assertion which shoald not be made without 
reservation. 

The annexed table (Table X) shows the different types of boilers which have been 
used on board the laiig;er ships of the German navy. 

By comparing the respective years of construction, it will be seen that at first 
water-tube boilers with large tubes of from 80 to 100 millimeters diameter, such as 
the Belleville, Niclausae, Durr, etc., were in favor, but that very soon water-tube 
boilers with small tubes, of from 29 to 36 millimeters diameter, were given preference. 
Although last year the large-tube boiler systems, owing to their satisfactory qualities 
in other respects, were frequently used for new ships of the German navy, they 
appear now to come into disuse. The reasons therefor seem to be their great weight, 
the extravagant coal consumption, and the large amount of smoke developed as a 
result, the length of time it takes to clean them, and the absolute necessity of frequent 
cleaning in order to obviate disturbances in the operation, and finally, the great sen- 
sitiveness of the types referred to even to small quantities of salt in the feed water. 
For instance, for one of the large-tube boiler types mentioned above, it takes a whole 
week to take it apart, clean it, and mount it again — and that, when such work is 
done by skillful and experienced hands. For this purpose, from 300 to 400 covers 
have to be unscrewed and passed l)etween the close series of stay-bolts in the water 
chamber, and the same number of tubes have to be pulled out forward. The cleaning 
itself is equally laborious and requires a great deal of time, and so does the putting 
together. Another drawback of these boilers is the fact that even a very small 
amount of salt in the water causes them to foam, and the strong water shock in the 
tubing, and especially the water entering the steam cylinders, endangers the whole 
engine installation to such an extent that it may disable it altogether. Flence, a ship 
equipped with this type of boilers may be crippled even by small leakages in the 
condenser tubes. 

Of the small-tube water-tube boilers, only the Thomycroft and Schulz boilers need 
be considered at the present time, because these two systems, with economic coal 
consumption, develop a minimum of smoke and hav^ the further advantage of small 
weight; they can, moreover, be easily and rapidly cleaned, steam can be got up 
quickly, and the maximum speed attained in a short time. 

The t^ble further shows that on board the large cruisers and battleships of the 
German navy, the whole boiler installation is not always of one and the same sys- 
tem. On the contrary, in large installations, with engine powers of from 13,000 to 
25,000 I. H. P., only a part (one-third to one-half) of the boilers are of the water-tube 
type, while the others arer cylindrical boilers of the systems hitherto employed. For 
instance — 

H. M. S. Kaiser Friedrich III has two-thirds cylindrical and one-third water-tube 
boilers (partly Schulz and partly Thornycroft system). 

H. M. S. Kaiser Wilhehn J I has one-half cylindrical and one-half Schulz boilers. 

H. M. S. Kaiser Karl der Grosse has one-half cylindrical and one-half Schulz boilers. 

Battleships "A'* and **D" are to have one-half cylindrical and one-half Thomy- 
croft boilers; battleships **C,'* "E," **F," and "G," one-half cylindrical and one- 
half Schulz boilers. 

H. M. S. Fiirst Bismarck has two-thirds cylindrical and one-third Schulz boilers. 

It will be seen from the above that in the so-called combination systems, the 
Schulz and Thornycroft are the only types of water-tube boilers employed. 

For small cruisers with engines of 8,000 I. H. P., the boiler installations consist 
exclusively of water-tube boilers of a single type. This ia also the case with regard 
to the new gunboats Jagtiar, Tiger^ and Luchs. As the table does not include these 
smaller vessels, it may be added that they have been equipped with Thornycroft 
boilers. 



Tablb X— the water-tube BOILER 
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INSTALLATIONS OF THE GERMAN NAVY. 
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Kaiser Frederich III, Thomycroft and Schulz 8>'8tem8 combined, built by Oder works; year of 
ooQStruction, 1898; efficiency, 5,200 1. H. P.; heating surface, 1,400 square meters. 
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The following table will show the extent to which the different types of boilers 
have found application in the German navy: 



1. Large- tube water-tube boilere: 

(a) Diirr (including Oermania and Scblchau) 

(b ) Niclausse 

(c) Belleville 

2. Small-tube water-tube boilers: 

(a) Thomycroft 

(b) Schulz 



Number of 

boiler in- 

stallatioDs. 


Efficiency 
in I. H. P. 


7 


68,000 


2 


16,r)00 


2 


20,000 


5 


ai.soo 


14 


109,400 



Heatins 

surface m 

square 

meten. 



14,480 
3,S40 
4.400 

9,7eo 

90,500 



The water-tube boilers of the battleship Kainer Friedrich III have not been 
included above for the reason that the elements of construction of the Thomycroft 
and Schulz systems have been intermingled so that one particular type can not be 
spoken of in this caae. Their efficiency, however, is 5,200 I. H. P. with 1,400 square 
meters heating surface. 

With the exception of Niclausse boilers, all the water-tube boilers that are or 
have l)een used in the German navy were (Constructed at home with German 
material, namely: The Thomycroft boilers at the Oder Works and at Schichau's; 
the Schulz boilers at the Germania Yards, the three Imperial Yards, Blohm & Voss, 
the Weser-Vuikan, and the Oder Works; the Belleville boilers at the Vulkan Works; 
the Diirr boilers by Diirr & Co. 

As already stated, of the small-tube water-tu]be boilers which have taken the place 
of the large-tube boilers in the German navy, only the Thomycroft and Schulz l>oil- 
ers need be considered. The main distinction between these two types consists in 
the manner in which the fire gases are conducted. While in the Thomycroft system 
the fire gases are conducted vertically, by a single way, from the bottom to the top, 
through the bundle of tubes, in the Schulz boilers they do not pass by a single way 
only, horizontally-vertically, but by two or three ways through the different bun- 
dles of tubes. The latter method results in a more advantageous utilization of the 
fire gases and, consequently, a lower temperature in the smoke pipes, so that a 
development of fiames in the smoke pipes is entirely excluded even with maximum 
forced draft, while this constitutes one of the objections to other boilers. Moreover, 
the construction is simple and substantial; the boilers can be easily served and all 
connections are accessible. One advantage, which is common to both types, is the 
ease with which the boilers can be cleaned; it can be done in a few hours by boiling 
soda in them. 



NEW TYPES. 



VIPER. 



The Viper* has just completed some very interesting trials, develop- 
ing a speed of 34.75 knots. In a preliminary test before this official 
trial a mean speed of 34.8 knots was obtained in four consecutive 
runs on the measured mile, the fastest run being at the rate of 35.5 
knots. The accompanying cut of her turbines, published by the Engi- 
neei^ shows her high and low pressure turbines and the reversing tur- 
bine of one set of engines. 
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The following are the dimensions of the Viper: Length, 210 feet; 
beain, 21 feet; draught, 12 feet 9 inches; displacement, 360 tons. The 
indicated horsepower is about 11,000. The turbine engines are in 
duplicate and consist of two distinct sets, one on each side of the ves- 
sel. There are four screw shafts in all, independent of one another, 
the two shafts on one side being driven by one high and one low pres- 
sure turbine, respectively. The high-pressure turbines are 35 inchea^ 
in diameter and the low-pressure turbines 50 inches in diameter. The 
two low-pressure turbines drive the two inner shafts, and to each of 
these shafts a small reversing turbine is also permanently coupled and 
revolves idly with the shaft when going ahead. These reversing tur 
bines provide sufficient power to drive the vessel astern at a speed of 
15 knots. Two propellers are placed on each shaft, the foremost in 
each case having a slightly lesser pitch than the after one. There are 
thus eight propellera in all. The thrust from the screw shafts is 
entirely balanced by the steam acting on the turbines, so that there is 
but little friction. 

The engine room is quite diflferent from that usual in the Destroyer 
type. Upon the platform there are no working parts visible only the 
large stop valves which control the steam to the turbines. Beneath 
the platform are placed the turbines and the condensers, the latter 
occupying the larger part of the space. 

The Yiper is fitted with four boilers of the Yarrow stmght-tube 
express type. The boilers, auxiliary machinery, and condensers are of 
the usual type, but their size is somewhat increased to meet the nmch 
larger horsepower to be developed. This compensates for the lesser 
weight of the main engines, shafting, and propellers, as well as the 
lighter structure of the engine beds. 

The official trial of the Vipet* was made on the North Sea, off the 
mouth of the Tyne, on the 4th of May. The displacement on trial 
'was 375 tons, with all coal on board. The contract load was 40 tons, 
but this was increased to 60 tons. Full steam had not been reached 
when she entered on the mile, and even on the second nin the speed 
did not quite reach 30 knots. Ton runs were made in all, and taking 
the best six consecutive runs — with and against the tide — a speed of 
34.28 knots was reached. The best two runs gave a mean speed of 
34.75 knots, while the mean speed on the three hours' run was 33.96 
knots. 

The mean revolutions were 1,050 per minute, and the mean steam 
pressure ranged from 165 to 175 pounds to the square inch. It is 
stated that a great deal of steam was lost at the relief valves, which 
had not been sufficiently screwed down before starting, and began to 
blow heavily soon after going on the mile. The total heating surface 
in the four Yarrow boilers is 15,000 square feet, and the grate surface 

2597~No. XIX 15 



226 

is 276.76 square feet. The air pressure for dittft averaged 3 inches on 
the water gauge. The indicated horsepower estimated by the steam 
pressure and revolutions is taken at 11,000. The trial was carried out 
under Admiralty conditions. 

The absence of vibrations, running at all speeds, is said to be 
remarkable, so far as the main engines are concerned. There is some 
noise and vibmtion due to the auxiliaries, and it is proposed to get 
rid of this by using electricity^ to drive the auxiliaries. 

COBBA. 

The unofficial trials of a torpedo-boat destroyer built by Messrs. 
Armstrong, Whitworth & Co., supplied with turbine machinery by 
Messrs. Parsons & Co., and with four Yarrow water-tube boilers 
by Messrs. Hawthorn, Leslie & Co., have been so satisf actor}' that the 
Admiralty has purchased the vessel and named her the Cobra, She is 
323 feet long by 20 feet 6 inches beam and 13 feet 6 inches deep. She 
has an estiniated horsepower of 12,500, transmitted through four lines 
of shafting, each fitted with three propellers. The vessel in a series of 
six rims over the measured mile attained a maximum speed of 35.886 
and a mean speed of 34 knot^. 

UENERAL BAI^LEDANO. 

This ship possesses some new and very interesting features in the 
arrangement of her cylinders. The system is shown by the accom- 
panying cut. In an article before the Institution of Naval Architects, 
Mr. Magnus Sandison has described the features of the design as 
follows: 

(a) The production of an engine which will work with economy w^ien developing 
a small proportion of ite full power, and thus insure in a given ship the maximum 
radius of action. 

(&) The elimination, as far as possible, of the unbalanced forces in the engine. 

(r) The securing, as far as possible, of uniformity in the turning effort on the 
crank shaft. 

(d) The reduction to a minimum of the chance of total disablement. 

The General JBaqn^^lano is a full-rigged bark, built for the Chilean 
navy by Armstrong, Elswick, and launched July 5, 1898. The follow- 
ing are the dimensions: Length between perpendiculars, 240 feet, over 
all, 277 feet; beam, 45 feet 9 inches; dmught, 18 feet; displacement, 
2,330 tons. The contract called for 2,500 I. H. P. and a speed of 13 
knots, and with open stokeholes, 1,500 I. H. P. and 12 knots. The 
armament consists of four 4.7-inch E. F. guns, two on each side, two 
12-pounder R. F. guns, two 6-pounder R. F., one 1.85-inch R. F., and 
two Maxim machine guns, besides one 18-inch torpedo tube. 

The machinery consists of a single screw engine driving a feathering 
propeller, steam being supplied by four Belleville boilers, having a 
steam pressure of 300 pounds, reduced to 250 pounds at the engine. 

By disconnecting and securing the bottom ends of the connecting 
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and valve rods of one set of etigincH, the other svt iMin Mtill drive the 
propeller, the cylinders being proportioned so as to do this witli an 
economy attained in the mercantile marine. 

The speed trials consisted of a six hours' run at full power, and a 
thirty hours' mn at three-fifths full power. On the full-power trial 
she made a speed of 13.75 knots with a mean of 15i revolutions. At 
the conclusion of this trial the turning gear was shipped, and within 
an hour from that time the vessel was underway again, stf aniiiig with 




one set of cylinders, the bottom cnda of the disconnected rodn iR'ing 
secured by means provided for the pui-pose. 

It is possible, hy reducing the pitch, to develop half power with 
one set of cylinders working; but with vessels fitted with ordinary 
screws, with two engines on one shaft, the proportion of power devel- 
oped would be less. 

To counteract any tendency to set fast on the part of the disconnected 
gear, if disconnected for a long pcrio<l, thesecuring gear is so arranged 



as to permit of a limited motion being given U> the various parts. 
The handling of the engines, whether three or six i^ylindei-s are at 
work, is performed with the same ease as in the ordinaiy triple-expan- 
sion three-cylinder engine, one or both engines being worked by the 
same regulator and reversing engine. An independent steam cut-off 
valve is attached directly to each high-pressure cylinder. 

The piston rods, connecting lods, etc., and their accessories are 
duplicates throughout, except in the case of two engines designed to 
develop different powers when working together. 



228 



CASUALTIES. 

Moat of the casualties reported during the year have occurred on 
board of torpedo boats. On February 21 the destroyer Bat was mak- 
ing a full-speed run of one hour duration. Toward the end of the 
hour, when everything was going well, the engines making 360 revolu- 
tions and the boat traveling 28 knots, a loud noise was heard,.followed 
by a rush of steam. Steam was shut off and the engine-room force 
escaped without injury. The starboard engine was found to be badly 
damaged and the cause of the accident traced to the cap of the low- 
pressure crosshead brasses, which had fractured across the bolt holes. 
This fracture freed the connecting rod, which knocked against and 
bent the crosshead guide, and made a bulge in the condenser. The 
piston being free, was forced up and broke the cylinder cover, at the 
same time cracking the cylinder. 

A similar accident to the above occurred on board the destroyer 
BvUfinch on July 21. This vessel had carried out six runs on the 
measured mile at a required speed of 30 knots. She then steamed as 
far as Cowes and was entering the Solent when the connecting rod of 
the high-pressure starboard cylinder broke close to the fork. The 
piston knocked off the cover and the forepart of the engine room was 
filled with steam from which none of the engine-room force could 
escape. The end of the rod was driven through the bottom of the 
vessel, which began to leak badly. The commanding officer quickly- 
put over collision mats, which checked the rush of water. Unfortu- 
nately eleven lives were lost by this accident. 

On May 8 the destroyer Recndt had a serious accident. During her 
steam trials the studs on the low pressure eccentric straps carried 
away, and the balance piston knocked out the end of the balance pis- 
ton cylinder. No lives were lost. 

On board the French battleship Ma$8ena^ while four engineer officers 
were dismounting an escape pipe in order to clean it, by accident they 
disjointed the parts too quickly; steam concentrated in the escape pipes, 
and escaping by numerous joints, scalded the men badly. 

In February, when the French squadron was getting underway, an 
explosion in one of the boiler rooms of the armed crusier Clumzij 
burned several men, one of whom died. 

Two serious accidents have occurred on board French torpedo boats 
No, mS and No. 213, 

While No, 228 was steaming at 25.5 knots, the piston rod broke and 
knocked off the cylinder cover. Five men were badly burned and one, 
jumping overboard in his agony, was lost. According to later reports 
two more have died. 

A board was appointed to investigate the accident on board No. 213 
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and reported that it was caused by an exterior tube cracking and 
emptying the boiler without the engineer noticing the fact. The 
interior tubes then becanoie heated to a white heat, and one exploded, 
allowing the steam to escape from the steam chest. This steam forced 
the flames through the ash pits out into the fire room. The fire-room 
force became panic stricken and endeavored to save themselveS, open- 
ing the hatch leading above. This was their ruin, for the flames, drawn 
by this new draft, filled the fire room. The engineer has since died 
from the effects of his burns. 

An explosion occurred recently on board of a Turkish torpedo boat. 
The boat sank and the lives of all persons on board were lost. 

A Russian torpedo boat, No. 38^ of a very old type, had been under- 
going repairs and was making some trials when the boiler exploded 
killing six persons. The men were blown into the air and their bodies 
found in the water. The boat sank. The explosion did considerable 
damage to neighboring vessels. The accident was attributed to defec- 
tive gauges which failed to show the pressure in the boilers. 

One of the most distressing accidents occurred on board the Austrian 
torpedo boat Adler, on July 22. This vessel was built by Yarrow and 
her boilers, which were of the locomotive ty^pe, by Hicks & Har- 
greaves, The boat was steaming at a reduced speed, making from 12 
to 14 knots, carrying about 120 pounds of steam. Suddenly there was 
an explosion, the debris and hot water from the boiler falling on deck. 
Two of the crew were killed by falling debris, three were blown into 
the water and lost, and four were injured. It was found that the deck 
over the boilers was torn up and the boiler, by the reaction of the 
escaping steam, had blown itself overboard. The mast fell on deck 
and both stacks were bent. The bulkhead between the boiler room 
and engine room was broken through. All gear above the boiler 
room had disappeared. The boiler mountings and stokehole floor 
plates were blown overboard with the boiler. The boiler had been 
examined and cleaned two days previous to the accident. The fire- 
room force were killed, so it was impossible to find out the condition 
of affairs in the fire room. A sail was rigged and the boat beached, 
having been about 3 miles from shore when the accident occurred. 
It is reported that men-of-war made an effort to recover the boiler by 
dragging, but were unsuccessful. 

LIQUID FUEL. 

The great advantages to be derived by the use of liquid fuel have 
caused the principal maritime powers to continue their experiments 
in its use, both in their navies and merchant marine. For military 
reasons some of the powers have been less enthusiastic than others, 
while some have been satisfied to await results. 
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Russia has been the most energetic and, apparently, the most suc- 
cessful in experimenting with liquid fuel. She is interested beyond 
the immediate advantages of the success of these experiments, owing 
to her great supply of oil and scarcity of coal. Its use has increased 
to such an extent in that country during the last few years as to cause 
a great rise in price, and the demand is increasing more rapidly than 
the production. 

In an article written by Mr. N. Cherkassov on petroleum fuel for 
the volunteer fleet and Russian navy, he suggests, owing to the great 
demand for liquid fuel, that 10 per cent be deducted annually by the 
Russian Government, by way of impost, to secure a supply for the 
nav}'. Owing to the use of this fuel by the steamers on the Caspian 
(about 200) and those on the Volga (about 1,000), as well as most of 
the Russian I'ailways and works so situated as to be able to use it, the 
total consumption has reached 4,840,000 tons per annum. 

Mr. Cherkassov gives the following methods for supplying the fleets: 
''The Black Sea fleet could be supplied by direct pipe lines and the 
Baltic fleet ])y depots at suitable places along the Volga, which could 
])e supplied by water carriage from the Caucasus, and from which oil 
could })e supplied to St. Petersburg and to the Baltic ports by rail or 
water c^irriage." This would make Russia independent of other coun- 
tries for fuel supply for her fleet. 

The components of the crude petroleum of the Caucasus, generally 
called raw naphtha, is given as 86.87 per cent carbon, 12.19 per cent 
hydrogen, 0.87 per cent oxygen, and 0.06 per cent sulphur, besides 
small quantities of oxide of iron, alumina, lime, copper, and traces of 
silver and gold. Astaki is the residue remaining (60 to 65 per cent) 
in the distillation of the crude naphtha after separating from it the 
kerosene (80 to 85 per cent) and benzine (4 to 5 per cent), and this 
astaki forms the ordinary liquid fuel. 

The great advantages in the use of liquid fuel in the navy are the 
facility of handling and titinsportation, absence of smoke, facilitj'of 
managing the fires, and ((uickness with which steam can be raised and 
controlled. 

The use of liquid fuel, with its facility of handling and transporta- 
tion, was often referred to by our officers during the late war as one 
of the possibilities of the future. The strain upon the officers and 
men was intense when coaling alongside colliers at sea. Batteries had 
to \h} run in on many ships, and in some cases guns dismounted, to clear 
the colliers. Frequently holes were made in them by the motion of 
the vessels coaling alongside, and guns were in great danger of being 
knocked off their carriages and thrown out of action. 

Liquid fuel can be supplied with a very high flashing point and can 
be considered as safe as coal for transporttition, the temperature of 
ignition depending upon the completeness of dii^tillation. 
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Oiling stations are reported as being erected in the East mnging 
from Yokohama to Suez, and large oil ships are being prepared for its 
transportation, thus solving the supply to ships in that direction. 
The Hamburg-American line is said to have entered into a contract 
whereby liquid fuel is to be furnished for their vessels at Suez, Colombo, 
Singapore, Hongkong, and Shanghai, and they are preparing some of 
their steamers for its use. It is also reported that Lloyds have decided 
to adopt it, and that the Peninsular and Oriental Steamship Company 
are investigating it. 

The cost of using liquid fuel is greater than coal, both in railways and 
ships, but the advantages are causing it to be used to a greater extent 
from year to year. In the Mediterranean, away from the vicinity of 
the wells, the cost is about twice that of coal. The advantages would 
outweigh the expense as used for naval purposes. 

The United States produces an enomious supply of petroleum, but 
has not shown such an active interest in its use for maritime puiposes 
as some of the powers, probably owing to her great coal supply. 
Petroleum has been used as fuel on the locomotives of some railroads 
in the United States, the crude petroleum, substantially as it comes 
from the wells, being used. Experiments have also been carried on 
from time to time in torpedo boats. 

In Italy and Austria refuse of petroleum has been used. Italy, 
owing to her position and deficiency in coal, is peculiarly interested 
in the use of liquid fuel, and has been very active in experiments for 
years, although she produces none. She has fitted a great many of 
her battleships, cruisers, and torpedo boats for its use. Up to the 
present time it is reported that about twenty battleships and cruisers 
have been fitted to burn a mixture of petroleum and coal, and about 
thirty torpedo boats to burn petroleum. 

Germany, producing an insuflicient supply of petroleum, has car- 
ried on experiments with a tar oil, called "mazut," of which she has 
a greater supply, and has fitted some of her ships for burning liquid 
fuel and some for burning oil in mixed combustion. The imperial 
yacht HoKeazoUern is to have some of her boilers altered to burn. oil. 
The coal bunkers are to retain their former capacities, but part of the 
ship's double bottom will be used for its stomge. 

France has carried on many experiments with petroleum as fuel, in 
her ships rather than in her torpedo boats, the use of petroleum and 
coal in mixed combustion being the practice. This system is advo- 
cated by some of the powers for use instead of forced draft, as being 
less injurious to the boilers when great speed is suddenly required. In 
the Formidable^ recently fitted for burning petroleum in mixed com- 
bustion with coal, it is intended to be used only in an emergency. The 
tanks are built in the bunkers and have a capacity of 50 tons. The 
petroleum is pulverized by steam, delivered by one burner in each 



furnace, fitted at the front over the furnace door. The oil is not 
filtered but in heated to increase its flow and is forced under slight 
pressure. Her speed is said to have been improved by its use. The 
Amiral Jiaudin has also been fitted with these burners, and they are 
reported to have worked satisfactorily on her trials. In addition to 
the above, the following ships have provision for carrying petroleum: 
Battleships— tVtflr^wi^/K', Saint Louis, Gavlots^ Suffreii, Jena; 
armored cruisers — Dupetit Thoiiars, ATniral Gueydon, Montcalm^ 
Jeanne (CArc, C<n\de, Gloire, Sidly, Maraeillaue^ AmiTol Avbe; 
cruisers — Guichen, ^ Entrecasteavx, Jurienda l<i Graviere, Sfax. 

England has experimented with liquid fuel in the topedo boat Surly. 
These trials have not been entirely satisfactory, owing to the thick 
bla<^k smoke produced. The Surly was fitted with the system invented 
by Mr. Holdcn, of the Ureat Eastern Railway. Of the four boilers 
two were fitted for this sj'stem and two retained for coal. 



Mr. Holden's burner is shown in figure 1. The air is admitted 
through a central pipe, the steam through an annular space outside it, 
and the oil through an annular space outside the latter. The pecul- 
iarity of this burner lies in the fact that the steam is also admitted to 
a pipe. A, bent into a ring near the end of the burner, through small 
holes, and is directed upon the jet of steam and petroleum, which pul- 
verizes it and mixes it with air for combustion. The oil had s flash- 
ing point of 280" F. It is repoitcd that the Admirality are not 
cnthasiastic over the liquid fuel problem, owing to the result of the 
trials in the Surly and also to the fact that Russia might have to be 
their source of supply. 

The Tlaliotia, one of the vessels of the Shell Transport and Trading 
Company, was designed especially for the oil carrying trade and 
ha.s her furnaces fitted for burning liquid fuel. They can he quickly 



233 

altered on board for burning coal. The bunkers of the ship are 
so constructed that they can be used for either oil or coal. From 
them the oil is pumped to a service tank above the boilers, whence it 
flows by gravity to a device at the furnace, where, by means of a 
steam jet, it is pulverized or broken into spray. In the trials it was 
found that 2.27 pounds of ordinary English coal were used for each 
indicated horsepower per hour, as compared with 1.67 pounds of oil. 

The system for burning liquid fuel applied to the steamship Cardium.^ 
one of the vessels of the Shell Transport and Trading Company, has 
just been published hy the Engineei' and has caused a good deal of 
attention and interest. 

The Cardium is one of the largest tank steamers afloat; her dimen- 
sions are 410 by 33.2 feet, and the dead weight carrying capacity 
nearly 9,000 tons. 

The machiner}" is of the triple expansion type, having three cylin- 
ders, 28, 46, and 77 inches in diameter, with a stroke of 48 inches, and 
is placed in the after end of the vessel, as is usual in tank steamers. 

Steam is supplied by three single-ended, cylindrical, multitubular 
boilers, working at a pressure of 180 pounds per square inch. An 
additional boiler is also placed on the main deck for auxiliar}-^ pur- 
poses; this boiler is also fitted to burn oil. The vessel and machinery 
have been designed so that either coal or liquid fuel can be used. 

The oil is pumped from the oil tanks into what is called a settling 
tank. This tank is fitted with an overflow pipe, so that when it is full 
any additional oil that may be pumped in flows back into the fuel 
tanks. A glass gauge indicates the amount of oil in the settling tank. 
The oil is drawn by a small pump from the settling tank, and is forced 
at a pressure of about 60 pounds through a coil which is contained in 
the smoke-box, thus heating the oil, which then passes through a 
small collecting chamber into the burners, where it mixes with a jet 
of superheated steam and hot air while being forced into the furnaces. 
The steam for spraying is heated by passing it through a coil in the 
smoke-box and a pipe in the furnace, after which it passes through a 
small collecting chamber, and from there in a superheated condition 
to the burner to mix with the hot oil. 

There is also a small pipe open at one end to the atmosphere, which 
is carried into the furnace in order to heat the air it contains, and 
which passes out through the other end of the pipe to the small 
collecting chamber, from where it is drawn into the burners. The 
hot oil, superheated steam, and the hot air all enter into combination 
in the burnei's prior to being injected into the furnaces. 

The burner and arrangement of the furnaces are shown in the 
accompanying cuts. 

In the trial the two after boilers were fired with coal and the for- 
ward boiler with liquid fuel. The trial lasted over three hours and 
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the. boilers were pressed to a gi'otitor extent than in an ordinary sea 
voyage. 

The machinery Indicated about 2,7l)0 horsepower, and on the assump- 
tion that the power was equally divided between the three main boilers, 
the conMuinption of oil per horsepower per hour was 1.1 pounds. The 
safety valves were blowing off more or less during the whole of tiie 
trial. 

The air entering the ashpits of the )>oilcr using liquid fuel was 



measured as caivfully a." possible by an anemometer, and was found t« 
be about 15 pounds per pound of oil ut^cd, so that very little loss of 
heat was due to an excess of air alwve that re«iuired for complete 
combustion. 
The temperature of the waste gases at the base of the funnel mm 
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490 degrees, and there was very little smoke, and in order to illustrate 
this a wooden rod, thickly covered with chalk, was placed in the 
smoke-box just above one of the tube nests, so that it was within the 
flow of the outgoing gases. After having been exposed for a quarter 
of an hour it was withdrawn and found to be not discolored. 

The temperature of the stokehold just in front of the ashpits was 
found to be 84 degrees, and this low temperature was one of the 
important results of the trial. 

After the oil-burning trial was concluded the oil-burning apparatus 
was taken down, and the vessel proceeded on her voyage with all the 
furnaces of the forward boiler burning coal within eighty minutes 
from the time the dismantling of the oil apparatus was begun. 

On the vessel's arrival at Suez on her eastern trips the apparatus 
will be again replaced and oil fuel will be used. 

An examination of the furnaces after the trial showed that they had 
not suflEered any harm. 

It will be seen by the cuts that two burners are fitted to each furnace. 
The oil being forced under a slight pressure prevents the burners from 
getting clogged. A quantity of fire-brick is laid on the fire-bars, and 
it is only necessary in order to use coal to haul out the broken fire- 
bricks and remove the burners. 

The following article, read before the Society of Arts by Sir Marcus 
Samuel, has many details of interest, showing the advancement taking 
place in the use of liquid fuel: 

The subject of liquid fuel, although now coming into great prominence in England, 
is by no means a novel one. Petroleum has been in use for this purpose, both in 
Russia and America, for very many years. Its advantages, compared with coal, are 
well known and appreciated, and the sole obstacle to its universal adoption has been 
that the supply has been insufficient hitherto to warrant arrangements being made, 
except in Russia itself, for its use. Prejudices have to be overcome, the means of 
using treasure has to be shown and proved, and in suc'h an article as liquid fuel not 
only has transport got to be provided, but special arrangements for storage have to 
be made, and it was also obvious that if practical success is to be obtained liquid fuel 
will have to be sold at a price which will enable it to compete with coal. Ah initio 
this should be easy, when the cost of labor in mining for coal is taken into account, 
together with its transport from the fields where it is found to a place of shipment, 
and also the great cost incurred in placing it on boanl and discharging it, and the 
space occupied by it in the hold of a ship (this being about 45 feet to a ton of 20 cwt. ), 
and, little as this is known and realized, the danger of transport arising from the 
highly inflammable gases contained in eastern coals renders fires in holds and bunkers 
far more numerpus than the public'are at all aware of. It is, of course, impossible to 
transport oil in bulk iii steamers built for ordinary merchanise. Special arrange- 
ments have to be made by which the cargo is broken up into sections fixed by the 
regulations of the Suez Canal as not exceeding 400 tons in any one compartment. 
In the tank steamers cofferdams are placed fore and aft for isolating the oil against 
danger from the boilers or furnaces, which in these ships are placed quite in the after 
part of the vessel, a practice which it is a great pity is not adopted in more steamers, 
because the risk of accident from the breakage of the shaft is almost nonexistent in 
this form of structure, the lead being a small one, and the shaft being under tiie 



236 

constant obeervation of the engineers, since there is no tunnel at all. Under the reg- 
ulations of the canal company pumps are provided which are capable of a minimum 
discharge of 500 tons of oil per hour. To show the progress of the business, I may 
state that the first steamer employed in the business of transporting oil in bulk 
through the Suez Canal was a vessel of 4,000 tons burden of oil, whilst the largest of 
those employe<l now carry 6,500 tons, and w^e have three steamers in course of con- 
struction to carry 9,000 tons of oil each, or 3,000,000 gallons. The facilities for landing 
and handling oil necessarily differ very much at various ports. At Nagasaki, Japan, 
the steamer lies next to the wharf, whilst at Kobe, Japan, a pier had to be constructed, 
it being impossible for a steamer to get alongside. At the port of Madras a break- 
water of almost a mile in length had to be constructed before water sufficiently deep 
to allow a steamer of the size employed in this trade to get near could be found, and 
even then a contrivance had to be constructed to connect the dischaiiging pipe of the 
steamer with the breakwater. In spite, however, of these drawbacks it is found that 
a steamer can easily discharge into the tanks, placed at 1 mile distant from the ships, 
at the rate of fully 200 tons an hour. As an example of the progress of liberal ideas, 
I may mention the installation at Bombay, where permission to land the oil was only 
given some two years ago and after experience had shown the immunity from danger 
attending the transport of oil in bulk. These tanks are placed almost in the middle 
of the shipping. Railway sidings have been taken right up to them, whence oil is 
pumped into the tank wagons for conveyance all over India. 

An enormous future lies before this fuel, even if it only depended on its relative 
cost compared with coal; but when we come to the collateral advantages it enjoys, 
the benefits of using it, as compared wnth coal, are simply overwhelming. It is unfor- 
tunate that it should be so, but one can not fail to recognize the fact that the calls for 
purposes of war must take priority to those of peace, and the first great advantage to 
vessels of war, especially to torpedo boats, in using liquid fuel, as compared with 
even the best coal, is the entire absence of smoke arising from its employment. 
When combustion is complete — ^ana this is very important, engineers having not yet 
found out how to handle fuel, and complete combustion does not take place and 
smoke is caused — not a trace of smoke issues from the funnel of a vessel using it. 
How important this is to torpedo boats the least initiated can understand, but it is 
not less so to cruisers, or even to battleships, which, when using liquid fuel, could 
shadow an enemy's fleet without being detected. Under the system adopted in the 
Haliotis steam is used to spray the oil, but this is certainly not the most economical 
method, and already a system has been found, invented by a Dutchman, called the 
Kloos system, which entirely dispenses with the use of steam. One main point of 
difference between the burning of coal and liquid fuel is that while coal remains 
quietly in its place until it is burnt liquid fuel would offer too small a surface to the 
air when lying in a tank to burn with so much heat as is required. It has, therefore^ 
to he sprayed out in small particles to augment its surface. If, however, the oil is 
sprayed mechanically, the rush of cold air chills the spray and many of the small 
drops reach the funnel before combustion has taken place, thus producing smoke and 
soot. By heating the air well above the burning temperature of the oil before it 
reaches the spray this is remedied, and combustion takes place freely. In the heated 
air system the oil is forced at about 50 pounds pressure through a Korting's sprayer 
into the furnace. In this sprayer the current of oil has to pass a screw thread, which 
gives a rapid turning motion to it, so that the centrifugal force causes the liquid to 
fly out in dust The air is brought by a guiding plate at the back of the furnace, 
returns along cast-iron ribbed plates, which are heated by the flames above it, and 
meets rectangularly the current of fine sprayed-out oil, the air being heated to about 
500° F. As the hole in the sprayer through which the oil is injected is under a six- 
teenth of an inch in diameter, the liquid mast l)e well filtered, and to assist the cen- 
trifugal force in spraying it out in fine particles the oil is heated to about 220^ F. 
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The advantages of the use of liquid fuel in steamers are even more manifest than in 
its employment on land. None but those concerned in the actual management of 
steamers know what trouble and anxiety arises from the employment of what is 
known as the "black element," namely, the stokers. By the use of liquid fuel the 
services of these men are almost entirely dispensed with, because oil flows by gravi- 
tation from service tanks placed well above the boilers, direct to the furnaces. The 
expansion and contraction caused by the frequent opening of the furnace doors is 
entirely avoided, and the life of a boiler consequently greatly prolonged. No ashes 
are made, and the strain and distress to firemen of heaving these overboard before 
commencing their watch is entirely saved, and no grit (so deadly in its working to 
delicate parts of the engines) is created. I fear it is only a practical expert who will 
realize how much this means. To anyone who has seen the manner in which the 
large crew needed on a torpedo boat or destroyer are berthed, in consequence of 
having to stoke the enormous boilers' used upon these craft, the fact that under the 
use of liquid fuel the crews of these vessels can be reduced to lees than half of those 
now necessary is, in itself, an argument so overwhelming that, w^ere this ita only 
advantage, it would suffice to compel its introduction into this class of vessels by 
those in power; but when it is borne in mind that men in torpedo craft literally 
carry their lives in their hands, depending solely on the speed of the vessel, and not 
upon her armament, it is clear that a great step is attained when the crew carried 
upon these vessels is reduced. Oil can be carried in spaces which it is impossible to 
utilize in any other way, and especially in such craft as torpedo boats, where the 
form of the vessel under water renders the attaining of stability a difficult problem. 
Oil carried in the bottom of the steamer, below the water line, would be impervious 
to shot, and, by the system of service tanks patented by Sir Fortescue Flannery, as 
oil is pumped out of the ballast tanks of a steamer water can readily be taken in to 
replace it, because if the mixture is put into a service tank, and allowed to settle, 
water is quickly precipitated to the bottom, and can be drawn off, the oil remaining 
being pumped pure into the second service tank, whence it flows to the bunkers, and 
it can readily be conceived how many spaces now lost in ve&sels can be utilized for 
the storage of oil, allowing a much greater weight for armament or quantity of caigo 
to be carried in space now used for bunker purposes only, or lost entirely through 
being too small or inaccessible for the storage of coal. The importance of the new 
departure has been promptly recognized by Lloyd's, which, I am glad to say, has 
issued r^ulations allowing liquid fuel, having a flash point of over 200° F. to be 
carried in steamers' ballast tanks, and this will greatly facilitate its general use. The 
much longer time that a vessel equipped with liquid fuel can keep at sea is also a 
factor which must not be overlooked, and, provided relays of supplies are furnished 
at ports not too far apart, the carrying capacity of an ordinary merchantman is 
increased by some hundreds of tons, dependent necessarily on the size of the vessel, 
whilst the saving in time in taking in oil instead of coal as bunkers can be best esti- 
mated when I state that oil can easily be put on board at the rate of 300 tons per 
hour, and this without the slightest dirt — a great characteristic of the Borneo oil 
being, too, that it is almost odorless. 

The experimental stage in the burning of liquid fuel, as stated at the commence- 
ment of this paper, has long since been passed. The uses for it in Russia itself are 
innumerable, and the latest statistics show that no less than 7,000,000 tons per annum 
are consumed in Russia for liquid fuel alone. Lately it has been largely adapted for 
naval purposes as well, whilst for many years the steamers navigating the Caspian 
Sea have used it exclusively. There are no less than eight steamers at present 
engaged in the Eastern trade which are fitted for it, and where the results attained 
have answered the expectations of their owners beyond their most sanguine antici- 
pations, whilst large numbers of vessels are under construction expressly for the use 
of liquid fuel, and a great number of steamers hitherto burning coal are also being 



alU.TLHl. In tlu! far Ka«t luiiku havo \nxn oreclLHi at {lurts raninng from Yokofaama 
lo Siiex, iiu'Uidiiig all the Indian jiortH, whilst cargoes of (he Borneo oil liave alxo 
U-en laiukii at the principal [urte, and 4,000 toiia ie at the present time on pateage 
ti) London. Under the advantages which I have enumerated it will lie understoijd 
that it in rapidly going into general consumption. In Europe the Ruaeiau, the 
Italian, and the German navies have partially adopted it. 

In the earlier experiments with liquid fuel the oil has generally 
been pulverized hy steam. By this system the oil coming from the 
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burnor is pulverized by a jet of stcatii and projected into the furnace 
in u finely divided stat*', drawing in a current of air for the vombus- 



J)'AUest 



tion. Some of the burners that have been used in the navies of Italy, 
Russia, Germany, and France arc shown in Figs. II, III, and IV. 
These pulverizers or burners are continually being improved and 
changed, but the different systems of mixing the air, oil, and steam 
and of pulverizing the oil are shown by these euts. 
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The burners are fitted to the front of the boilers, often to the fur- 
nace doors and so arranged that the doors can be opened without 
removing them. The system for burning the oil consists of — 

1. Tanks for the storage of the petroleimi. When the coal bunkers 
are used for this purpose they are divided into compartments. This 
prevents the loss of the whole compartment of oil in case of penetra- 
tion by shot. 

2. Feeding reservoir high above the ]x)iler floor from where the oil 
flows by gravity and where, in some cases, it is kept under slight 
pressure. 

3. Pumps for forcing the petroleum from the tanks to reservoir. 

4. Burners. 

5. Piping to carry oil to burners. 

6. Piping to cany steam to burners for pulverizing the oil. 

The petroleima is found very liable to leak, more so than water, and 
precautions must be taken to prevent this in the tanks. The petro- 
leum is generally wanned to cAuse it to flow more readily. 

The chief disadvantage against the pulverization of the oil by steam 
is the great amount of fresh water used, often amounting to 6 per 
cent. It has been necessary, in some cases, to provide special evap- 
orators to generate the steam to pulverize the oil. This great amount 
of fresh water required, in addition to the amount required for the 
boilers, is a serious drawback on board ship, and some torpedo boats so 
fitted have been unable to go to sea. 

The furnaces have to be especially arranged for burning liquid fuel, 
the bridge being generally removed and brick linings fitted to prevent 
the flames impinging directly upon the plates. These internal arrange- 
ments of the furnaces have a great influence upon the results. Some 
experiments have given excellent results in cylindrical boilers with 
certain burners and internal arrangements, but when these fittings 
were applied to water-tube boilei*s the results have not been satisfac- 
tory, the experiments showing that each type of boiler must have its 
own kind of burner and internal arrangements for satisfactoiy re- 
sults. In some cases the experiments on torpedo boats have been 
unsatisfactory owing to the unconsumed gases escaping in flames from 
the funnels when the boats have been forced to high speeds. 

One great drawback to the system is the difliculty of starting fires. 
Steam is required for the action of the burners, or pulverizers; and as 
the steam can not be furnished by the boiler when getting up steam, 
other means must be resorted to. On men-of-war, where steam is 
kept up in auxiliary boilers, steam can be furnished for this purpose. 

The regulation of the fires is very simple, and the fire-room force can 
be greatly reduced, one man being able to care for many boilers. It 
also allows the fire room being kept very clean. 
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The great disadvantage of the use of steam in the pulverization of 
the oil has led to many experiments in the use of air for pulverization. 
The Russians have taken the lead in thede experiments on board their 
men-of-war and, according to their own accounts, have solved the 
problem. Exhaustive experiments were carried out with great suc- 
cess on board the Rostislav^ where the oil was pulverized by mechan- 
ical burners (pneumatic) instead of by steam. In fitting the Rostislav \ 
for oil, a great saving of space was made. These experiments have 
been so successful as to cause the Russians to apply this system of 
burning petroleum to some of their most recent battleships and ciniis- 
ers, some of the boilers being fitted to burn oil and some retained for 
use of coal. Plans are being prepared for the construction of depots 
for the storage of oil. The tanks are to have a capacity of 17,000 tons, 
and old marine boilers will be used in their construction. A special 
iron steamer is also contemplated, of 1,000 tons capacity, fitted with 
the necessary apparatus for the transportation of petroleum from the 
depots to ships. 

Owing to the great success claimed by the Russians in their navy in 
the burning of petroleum without the use of steam as a pulverizing 
agent, and to the great disadvantages of steam for this purpose, atten- 
tion is called to the cuts and description of the Kermode system, shown 
below, as applied to a marine boiler. Experiments were carrie>d out 
by the Wallsend Slipway and Engineering Company, and the results 
are given in the accompanying description. 

The advantages claimed for this system are: All the oil is consumeid 
and perfect combustion obtained. Smoke is dispensed with and coal 
or other assisting fuel is not required. The apparatus does not inter- 
fere with the ordinary arrangements of a steam boiler, and the necessary 
change for the use of coal can be quickly effected. 

kermode' » APPARATUS FOR BURNING LIQUID FUEL. 

The sjrstems of burning liquid fuel mostly in vogue spray or "atomizo'* the oil by 
a jet of steam, and in this condition deliver it to the furnace. Kermode's sjrstem 
differs from these in that the oil is first vaporized by being mixed with hot air, which 
is supplied under pressure for the purpose. The amount of air supplied this way 
need not necessarily be the full amount required for the perfect evaporation of the 
oil, as the burning vajwr induces a current of air sufficient to meet all ''irther require- 
ments. The advantages of this arrangement for steamships will be evident to all. 
As the introduction of saltwater into marine boilers is incompatible with good work- 
ing, the use of a steam jet whose consumption may be estimated at 3 per cent of the 
steam raised would require an immense battery of e^porators to provide make-up 
feed. In any case the steam jet is an uneconomical device, and an equivalent spray- 
ing power can be obtained by air pumps for one-half the expenditure of fuel. 

The illustrations show the apparatus employed by *' Kermode*s liquid-fuel system" 
as applied to a marine boiler. The blowing engine (fig. 3) delivers air into a 4-inch 
main, from which a 2J-inch pipe branches to each furnace. This pipe ^oes through 
the furnace front (fig. 4), along one side of the furnace (fig. 3), across the front of 
the bridge, and back along the other side of the furnace. Its extremity is made in 
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This current can be regulated with great exactitude. A further compressed-air sup- 
ply is given when combustion ie about to commence, while a third supply is caused 
by the induction of the Hame or by the draft. This latter supply comes through 
the hollow furnace front, pttaeing between the inner and outer plate and escaping 
•2597— No. XIX 16 
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through the coned opening around the burner. The "grate" is made of special fire- 
clay bld'ks, which were constructetl for use in a series of trials of the apparatus by 
the Wallsend Slipway and Engineering Company, of New^castle-on-Tyne. Figs, 8 
to 11 show the arrangements adopted in a second set of experiments with cast-iron 
fire bare in place of fire bricks, these iDare l)eing covered with asbestos lumps. The 
fire-clay blocks were also covered with asbestos, although this is not shown in the 
engravings. The arrangement of the burner is similar in principle to that described 
in reference to the previous figures, except that the oil passes first through a vaporizer 
tulje inside the furnace. This device, however, is not found to be essential. In any 
case the bumera hinge upon the air and oil cocks, which are attached to the boiler, 
and therefore if it is necessary to examine the front of the burners they may be with- 
drawn from the furnace, the act of withdrawal shutting off the supply of air and oil, 
and thus preventing accident to a careless attendant 

Kermmlt'^s liquid-fuel nifst4nn. 



Date of trial Sept 6, 

I 1899. 

Duration of trial 8 hours . 

Clamof oil used Borneo 

crude. 



Sept. 14. 

1899. 
4 houiH . 
Borneo 

crude. 



Sept. 19, 1899. 

2 hours. 
Borneo crude. 



Mean prcfsurc on boiler pounds. . Ill 

Total gallons of water evaporated 2, 427 

Total pounds of water evaporated ,24,161 

Gallons evaporated jjcr hour | 809 

Pounds evaporated per hour 8, 063. 7 

Pounds of water per pound of oil 11 . 1 



Pounds of water per pound of oil from and at 212 degrees F. . 12.9 

Mean temperature of feed water deifrees F. . 89 

Temperature of oil in measuring tank degrees F. . 68 

Total gallons of oil consumed ' 225. 3 

TotAl pounds of oil consumed ; 2, 174 

Gallons consumed in one hour 

Pounds consumed in one hour 

Pre.*«ure on oil at burner pouixdH.. 

Specific gravity of oil 

Temperature of uptake degrees F.. 

Smoke at funnel top 

Air pressure in burner pounds. . 

Revolutions of blowing engine 

Pounds of oil per hour per square foot of grate 

Pounds of water per s<iuare f<H)t of heatinif surface 



110. 
3,&50 
:«,323 
887. 
8,830. 
10. 
12.' 
89 
68 
337 
3,244 
84. 
811 
4. 



75.1 
?24.7 
4.3 
.965' 
650 ' 665 
Light brown. 





First 
hour. 


Second 
hour. 


5 


109.8 


iia4 




940 


955 




9,362.5 


9,511 


5 


940 


955 


75 


9,362.5 


9,511 


9 


10.93 


10.92 


75 


12.85 


12,84 




S3 


83 




67 


67 




88.8 


90.2 




856.5 


870.3 


2 


88.8 


90.2 




856.5 


870.3 


3 


4.3 


4.3 


965 


.965 


.965 




TJO 


720 



3 


3.2 


3 


810 


350 


320 


18.1 


20.3 


21.5 


4.75 


5.5 


5.5 



7.5 per cent of water in the oil is allowed for in the above results. 

At the conclusion of a trial it waa found that the effect of closing the air valves was 
to maintain the heat of the boiler very effectually. If the trial ended with 110 
ix>und8, then, after twenty-four hours, there would be a pressure of over 20 i>ounds 
per wjnare inch still remaining — enough to drive the pumps to restart operations. 
If the i>res8ure is entirely lost, then steam is got up at first with what Mr. Kermode 
calls a ** starter." It is claimed that no dangerous leaping out of flame is experi- 
enced at lighting up, as it is only necessary to put a small torch through the sight- 
holes in the furnace front, and the oil catches fire as if it were gas. If it be desired 
to change to coal, all that is nece«<ar\' when cayt-iron barn are used is to swing back 
the burners, remove the asbestos, and fire up in the usual way. 
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V. 

ELECTRICAL NOTES. 



By Lieutenant Louis R. de Steiguer, United States Navy, 

Staff Intelligence Officer. 



GENERAL NOTES. 

The principal advance in the use of electricity on board men-of-war 
of the different powers has been in the application of motors to drive 
the auxiliaries. In some ciises this increased use of motors has taken 
place slowly, and for such auxiliaries as were favorably situated. In 
other cases, the use has increased to such an extent as to be applied to 
most of the auxiliaries on board ship, even to the blowers in the fire • 
rooms. In the most advanced cases are included the following auxil- 
iaries: Capstans, windlasses, ammunition hoists, blowers for ventilat- 
ing the hull engine room and fire room, winches, machine shops, ash 
hoists, turret rammers, turret training gear, draining turbines, elevat- 
ing gear for guns, boat cranes, pumps, and steering gear. Develop- 
ment has necessitated the installation of more genei*ating sets in the 
new ships, for which purpose greater space is being allowed, and in 
some cases, a higher voltage adopted. 

The reports of experiments and tests of electrically-run auxiliaries 
have generally been favorable to their use; but there is a hesitancy 
among naval oflScers abroad and at home to use electrical auxiliaries 
in exposed positions until some have been tried for a period of years 
and have proved their lasting efficiency. 

The different conditions under which motors work on board ship 
have made their application to the scattered auxiliaries a difficult 
problem to solve. They have been applied to fans for a much longer 
time than to other auxiliaries. The fans being in protected positions 
and the load being practically constant, their use for this purpose has 
been very satisfactory. The greatest difficulty has been in their appli- 
cation to capstans, cranes, winches, and turrets, where the loads are 
variable and suddenly applied, and where, in many cases, they are 
exposed to the seas and dust in coaling. Upon this subject Mr. Ar 
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Sienienjs, in his paper l>efore the British Association, has written as 
follows: 

Driving auxiliary machinery by small steam engines or by hydraulic power neces- 
sitates a network of piping all over the ship. This is difficult to arrange neatly, 
gives endless trouble through leakage, and, in addition, there are waste products 
from all the auxiliary steam engines, and their disposal requires additional pipes and 
complications. All this inconvenience is avoided by employing electric motors, and 
for certain purposes where the load on the motor does not vary much, they have 
generally been introduced. 

That their use has not been extended is due to the difficulties which arise from 
variations in the load on the auxiliary machinery. Taking the case of a wanch, 
it frequently liappens that the strain on the cable increases sufficiently to stop the 
movement of the winch altogether, and this w^ould cause the current through the 
electric motor to rise to a dangerous extent. It is impracticable to protect the motor 
by a fuse, as the interruption of the circuit through the blowing of the fuse would 
allow the strain being taken off the winch, and in most nautical ox)eratious it is 
necessary to keep the strain on. There are two methods in use to overcome this 
difficulty. One is to employ shunt-wound motors running continuously and operating 
the winches through friction clutches. The second is to employ special cut-outs in 
connection with series-wound motors. By these cut-outs the current through the 
motor is not interrupted altogether, but if the winch or other machinery is stopped 
so that the current becomes excessive, the main current is interrupted and a by-pass 
only left, in which sufficient resistance is inserted to allow only the maximum safe 
current to pass. 

Motors for auxiliaries on board ship are required to be of the 
inclosed type, hermetically sealed, to protect them from the seas and 
dust in coaling; to be ciipable of standing a great load being suddenly 
thrown upon them without burning out; to be simple in armngement, 
so that the enlisted man can readily learn to run them, and to be 
accessible, so that they can be easily cleaned and inspected. 

Electrical experts have written a great deal tending to show the 
economy and efficiency of this method of distribution of power, and 
the following advantages are claimed for its use: 

1. The great facility with which the distribution can be carried out; 
it being much easier to run wiring to a distant auxiliary than the 
piping of steam, hydraulic, or pneumatic auxiliary. 

2. Heating of the living spaces. The piping for steam, running to 
the different auxiliaries, must pass through living spaces, frequently 
rendering them unfit for life in the Tropics. 

3. Danger to life. The bursting of a steam pipe in time of action 
might cause loss of life and great suffering. The wiring makes a much 
smaller target than steam piping, and would, therefore, be less liable 
to damage by shell. 

4. Efficiency and reliability. It is claimed that motors have been 
improved to such an extent as to be applied in the commercial world 
to almost all kinds of motive power, and that the navies have not kept 
pace in their use; that they can be installed to perform their functions 
under the most trying circumstances and in very exposed positions; 
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that the motor is simpler than a steam or hydraulic engine, and that 
the men around the deck can readily learn to use them intelligently, 
extreme cleanliness in their care being the chief requisite. 

The late Mr. S. Dana Green, in his paper read before the American 
Institute of Electrical Engineers, has brought forward the following 
data upon the efficiency and reliability of motors on board ship: 

The modern first-class battleship requires about 2,000 I. IL P. to drive all the aux- 
iliaries at full load, and the first-class cruiser about 1,200 I. H. P. These auxiliaries, 
however, are never all in use at the saine time, using maximum power, and it can be 
assumed that about one-half these amounts (i. e., 1,000 I. H. P. and 600 I. H. P. ) will 
be required at one time. 

Efllciency: Here the contrast is very striking in favor of electricity, surprisingly 
so to one who has not seen the actual economy figures of steam auxiliaries. 

There remain the two important factors of simplicity and reliability to be consid- 
ered. No one who has had experience with the modern well-designed and well- 
insulateil carbon-brush generator or motor can have any doubt as to its greater 
simplicity as compared with steam engines. There are no joints to keep tight, no 
nuts or bolts to set up, no packing to renew, no cylinders to cut, and only two self- 
oiling bearings, as comparetl w^ith a dozen or more oil cups on an engine. In fact, it 
is diflftcult to imagine a simpler piece of machinery than the modem dynamo. It 
seems like a return to elementary principles to discuss such a point; and yet many 
men aboard ship imagine the dynamo a most complicated affair, simply because they 
know nothing about electricity, and think everything connected with it mysterious 
and complex. This feeling is not confined to seafaring men, as we all know. 

The question of reliability is a vital one, for no matter what the advantages with 
respect to safety, economy, and simplicity may be, if the electric auxiliary can not be 
relied upon at any and all times to do its work it is a failure and must be discarded. 
It must not only be able to work well under normal and favorable conditions, but 
it must be able to stand a certain amount of abuse and neglect. Stress of weather 
and other conditions, particularly during a war, sometimes play havoc with the 
established routine of a ship, and the sailor's tools must not only be sound; they must 
be hardy. The normal conditions aboard ship are not favorable to ordinary electric 
apparatus, but this simply means that apparatus for such work must be specially 
designed and built to meet the conditions. The ordinary motor would not last long 
under a street car; nevertheless thousands of car motors are built and sold every 
year which run day in and day out with a remarkably low maintenance account. 
Similarly, apparatus for ship work must be specially insulated, a larger mai^n of 
capacity must be allowed, and in exposed places it must be thoroughly inclosed. 
Several years ago an English manufacturer asked permission to install an electric 
deck winch on the spar deck of a new cruiser fitting out at Portsmouth. When the 
captain w^ho was superintending the fitting out of the ship saw it, he gave orders to 
have the deck hose turned on the motor for ten minutes, and then to operate the 
winch. The manufacturer protested and said the motor was not intended to be 
abused in that way. **Then take it off the ship,'* said the captain, "fori can not 
guarantee that we will ship no seas during our cruise, and I want that winch ready 
for 8er\dce whether we ship seas or not." The captain was quite right; the motor 
was taken off, and a "rough-and-ready" steam motor substituted. 

The writer then compares the driving of auxiliaries by steam and 
electricity, giving the steam consumption of the MinneajpoUa^ obtained 
from observations made during a run of this ship from Gibmltar to 
League Island, Philadelphia. Indicator cards were taken on all the 
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auxiliaries fitted for the purpose (31), and the losses from leakage, 
condensation, and radiation were carefully estimated, and the water 
ev9,porated carefully measured. 

The average weight of Bteam used by the main engines per hour was 33,620 pounds, 
and by the auxiliaries 10,146 pounds. That is, the auxiliaries consumed nearly 25 
]x^r cent of the total coal used. The main engines consumed an average of 20.83 
poundfi of steam ])cr I. H. P. per hour, and the auxiliaries an average of 119 pounds 
per I. II. P. per hour (the lowest Ijeing 55.06 }x>unds and the highest 318.68 pounds 
per I. II. P. per hour). These results are not exceptional; in fact, they are probably 
l)etter than the average obtaine<l on most war ships or merchant vessels. The new 
British cruiser Powerful (14,000 tons displacement) is reported to have used 8,300 tons 
of coal from England to Hongkong, of which 3,400 tons (or over 40 per cent) were 
require<l for the auxiliaries. 

Under the most favorable conditions the auxiliaries of a large ship probably 
consmne at legist 20 per cent of the total coal and water used. This is more than 
twice as great as the consumption in a modem central station, and there is no good 
reason why as good results should not l)e obtained afloat as ashore. 

Ijct UH aKHume a required central-station capa<^ity for a first-class battleship of 1,000 
horsej>owcr effective at the motors. The present standani E. M. F. for naval installa- 
tions is 80 volts, and for the menrhant marine about 100 volts. This low voltage was 
originally a<lopte<l on war shij>s on account of the search lights, which required 50 
volts only, and it was desire<l to introduce as little dead resistance as poBsible. At 
this time no motors were, of course, in use, and the electric plant was nsed for light- 
ing exclusively. Such a voltage is, however, entirely unsuited for a l,000-hor8e- 
power plant. The weight of the distribution system would not only be excessive, 
but the size and weight of the gi^nerators would l)e prohibitive. The three-wire sys- 
tem, or a standani of 220 to 2,250 volt two-wire system, should be adopted, using the 
necessary resistance in the search-light circuits when they are in service; since they 
require a relatively small percentage of the total plant capacity, and are not regu- 
larly in uw, this can l)e done without undue sacrifice. 

The generating plant should consist of several imits of the same size, so that parts 
are interchangeable, e&ch unit consisting of a compound vertical engine, driving a 
pair of generators or a single generator, depending upon whether a three-wire or a 
two- wire system is used. Assuming an efficiency of 82 per cent for engines and gen- 
erator, and an average line and motor efficiency of 80 per cent, the total efficiency of 
the system (Ixjtween the indicated horseiwwer of the generating engines and the 
effective horsepower of the motors) is 65.6 jxjr cent. In other words, to develop 
1,000 horst^powcr at the motors will re<iuire 1,500 I. H. P. at the engines, or about 
900 kilowatts generator capatMty. Six sets of 150 kilowatts each, with one reserve, 
would be re<iuired. A g(K)d comiK)und engine, working at approximately full load 
(and with six units those in actual st^rvice can always l)e operated at or nearly full 
load) , will rtHiuire 20 pounds of steam jwr I. II. P. per hour. Assuming a total effi- 
ciency of the system of 65.6 jK^r cent, as al)ove, it will require about 30 pounds of 
steam per effective hornepower j)er hour at the motors. If we allow 25 per cent mar- 
gin for lossi»s due to steam leakage, condensation, mechanical friction of gears, etc., 
we still have an economy of 37.5 pounds per horsepower per hour, as against 119 
pounds, as shown ])y the Minneapolis test. In this case the auxiliaries tested aggre- 
gated 471 horseiK)wer developed, using 56,049 pounds of water per hour. At 8 
poimds of water evaporated i)er pound of coal, the coal consumption was 7,000 pounds 
per hour, or 84 tons per day, assuming that this power was required for twenty-four 
hours. If the water consumption had been at the rate of 37.5 pounds per I. H. P. 
jK^r hour, instead of 119 pounds, the coal used jx^r day for these auxiliaries would 
have been 26.5 tons, a saving of 57.5 tons, or nearly 70 jwr cent 
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It is fair to assume that by the introduction of compound engines and improved 
mechanical appliances on some of the auxiliaries the average steam consumption can, 
perhaps, be reduced to 75 pounds per horsepower per hour, but this is still 100 i)er 
cent in excess of that required for electric drive. Assuming an average daily use of 
800 horsepower, effective at the auxiliaries on a first-class battleship at sea, this 
difference in efficiency means a saving in water used of 360 tons per day, and in coal 
a paving of 45 tons a day. All steam cylinders connect with the condensers so that 
the water used by the auxiliaries is not lost, but is used over and over again, it being 
necessary to supply only that lost by leakage in the pipes and condensers. The 
extra pumping duty is large, however. The coal saved, on the other hand, means 
that with a given coal endurance (or "steaming radius") a vessel can carry from 10 
to 20 per cent less coal, or, expressed in another way, with the same coal capacity 
she will have from 10 to 20 i)er cent greater steaming radius. The average price paid 
in the Navy for coal (including stations in all parts of the world) is probably at least 
$7 per ton. There is, therefore, in the case assumed, a direct saving in running 
expense of $315 per day for coal alone. It may be argued that a vessel in a port does 
not use her auxiliaries to the same extent that she does at sea, and that, therefore, 
the comparisons made are misleading. This may be true as to actual saving in 
pounds of coal and water or in dollars and cents, but the percentage differences hold 
true in any case. Furthermore, a ship is built to keep the sea, and her efficiency and 
usefulness are measured by her performance at sea, and not when incidentally or 
accidentally in port. Her weights are distributed and apj>ortioned, and her power, 
speed, and "steaming radius*' are designed for sea conditions, and it is these condi- 
tions alone which should be considered. 

The following is the practice followed by the principal maritime 
powers in the installation of the electric plant on board ships of war: 

It is the custom in the British navy to place three or four dynamos 
of 600 amperes and of 80 volts in their large battleships and cruisers 
and three dynamos of 400 amperes in their smaller cruisers. One gen- 
erating set can generally supply all the lights for the usual work of 
the ship. Some of the large cruisers and battleships are supplied with 
1,000 to 1,500 lights. 

The Admiralty has recently used motoi's for the after capstans, for 
boat hoisting engines, for coal and ash hoists, and, in the TiiTible^ for 
ti*aining the 9.2-inch guns. The Pmcerful and Diadem classes were 
supplied with electric ammunition hoists, but it has not been the prac- 
tice in the British navy. 

The switch boards are not arranged for parallel working, so that the 
different circuits have to be thrown on one or the other of the dj^namos. 
The bars are arranged in a horizontal position. Double wire circuits, 
lead covered, with vulcanized india-rubber insulation, have been used. 
The wires and cables are run along uncovered battens, fastened to the 
bulkheads, so that they are visible for inspection and repairs. 

The Barr and Stroud transmitting and receiving instruments have 
been experimented with by the British navy, and have been placed in 
the Canopm, Some of the Japanese ships have been fitted with these 
instruments, and several governments are experimenting with them. 

In the Japanese ships the orders have been placed upon the dials in 
both English and Japanese. Those for the British navy carry, on one 
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half of the lace, ranges from 800 to 4,500 yards, and on the other half 
of the face various orders, such as "commence firing," "cease firing," 
"torpedo boats," "forward of beam," etc. One transmitter, situated 
on the bridge or in the conBing tower, can be connected with any num- 
ber of receivers situated in different batteries. 

The following is a description of these instruments, issued by the 
makers: 

The transmitters and receivers oonmst of clockwork mechanisms contained in brass 
cases having dials affixed in front The orders or symbols to be transmitted arc dis- 
posed in a circle like the figures on a clock face, and pointers actuated by tho clock- 
work mechanism indicate the particular order or symbol transmitted or received. 
These pointers and the dials are protected by plate-glaas coverings. 

The number of separate orders or other indications that can be transmitted, depends 
only on the number that can be sufficiently easily read from the diaH and the dials 
can be made of any lequired size. 

A lai^ number of receivers can be operated stmnltaneously from one transmitter. 

The transmitter is fitted with an outside handle carrying a small index pointer. 
This handle moves about the center of the dial. To transmit an order, the handle 
is moved until the index pointer is over the required symbol. As soon as the handle 
is move<l, the inside pointer starts to follow it, and continues following until it oom^ 
under the index pointer, where it stops. All the pointers on the receivers move 
synchronously with the inside pointer on the transmitter, but not with the handle. 
The rate of motion of the inside pointer is constant, being controlled by the clock- 
work; it is, therefore, quite independent of the rate of motion of the handle, and 
no amount of jerking of the handle can cause the tranEmitter to transmit a wrong 
order. 

The energy required to actuate the clockwork in the transmitters and receivers is 
8upplie<l by coiled springs in each instrument, and these have to be wound period- 
ically. An indicator on each dial plate shows the state of winding of the springs at 
any time. One w^inding serves for the transmission of a very lan^e number of ordsri?, 
and will, no doubt, prove sufficient for many weeks of ordinary working of the instra- 
ments, but, nevertheless, the receiving instruments have been so designed that they 
may \)e wound up even while indications are being received. 

The connection between the transmitter and receivers is electrical; font ae che car- 
rent is only used to control the action of the clockwork, and not to drive the mechan- 
isms, a very small amount of energy has to be transmitted through the wires — a 
maximum of one watt per instrument being aLl that is required. Moreover, variatioiia 
in the E. M. F. do not affect the working of the instromente so long as it doee not fall 
too low to start the transmitter. 

The handle of the transmitter has no mechanical connectioa with the inside 
mechanism, but actuates only electrical contacts necessary- to start the pointer to fol- 
low the handle. The commutators, which make and break the currents sent to the 
receivers, are part of the clockwork mechanism and independent of the handle. 
Should the e. m. f. from any cause become tof> low, the transmitter will fail to act, 
and this is at once evident to the officer operating the transmitter by the inside 
pointer failing to move when the handle is moved. It must be remembered that the 
inside i)ointer of the transmitter and the pointers on the receivers move together, so 
that if the transmitter pointer fails to move the reci^iver pointers also remain at rest, 
and the officer at the transmitter sees at once that his order has not l)een transmitted. 
If the inside pointer of tiie transmitter moves at all, the receiver pointers must all 
move in imison with it. 

It will be evident from what has l^een above described that, as already stated, no 
amount of jerking of the handle can influence the transmission of the orders. 
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Should a jreceiver be disconnected temporarily from the circuit while indications 
are being transmitted, it will be put out of agreement with the others, and may 
therefore give false orders whea reconnected. To effect the adjustment of any or all of 
the receivers, it is only necessary to tirni the transmitter handle to the stop at one end 
of the scale, wait until the inside pointer is under the index pointer, then turn the 
handle to the stop at the other end of the scale and wait fts before. All the instru- 
ments will then be in agreement. It will be evident that the officer need not know 
what any of the receivers may be reading in order to effect the adjustment, and, as 
the adjustment only takes some twenty seconds to make, the officer may make the 
movements above indicated on each occasion on which he proceeds to operate the 
apparatus, if it has been for some time out of use. 

Transmitters are made of two kinds, single and double. The double transmitters are 
equivalent to two single transmitters put into one case for convenience and compact- 
ness, and arranged the one to transmit orders and the other ranges. Such transmit- 
ters, when used for signaling to guns, are mounted in the conning tower or other 
commanding position, while the receivers are placed at the various gun stations. 

The current for an installation may be obtained from a battery, dynamo, or motor 
transformer. If batteries are used, it is necessary that they should have a low inter- 
nal resistance. For the instruments at present designed, 8 to 12 volts are required on 
the circuit. 

The instruments can stand great shocks without derangement. Their working will 
not be in the least affected by gun fire in their immediate neighborhood. 

The outer cases are made so as to be watertight. 

The accompanying photographs will show the external appearance of the instru- 
ments, and the diagram shows the system of wiring for an installation. 

In the case of a warship it is advisable to carry out the endless system of wiring as 
shown by the dotted lines on the diagram, so that if the circuit or any section of it is 
shot away at any place, such as ot^, the instruments will still continue to work. 

K desiiedy electric bells can be provided at any or all of the receivers to ring every 
time an indication is transmitted — that is, every time the transmitter pointer moves 
from one symbol on the dial to another. It is advisable in every case to have bells 
m connection with the order receivers so as to call attention to the change of order. 

Special arrangements of transmitters and I'eceivers can be supplied for transmitting 
single messages to single stations in addition to signaling the same messages to all 
stations. Reply instruments can also be supplied; indeed, these instruments are 
suited for any of the various conditions under which it is required to transmit mes- 
sages from one station to another. 

Electricity has been used extensively in the French navy for driving 
auxiliaries. Franco was one of the first nations to use motors for 
training turrets and guns. 

The electrical installation in large vessels, such as the armored 
cruiser Mo^itcalrti^ consists of four dynamos of 400 amperes and 82 
volts, with ability to run for an hour at 500 amperes. About 500 
lights are used for interior lighting. 

The Mmitcalm is provided with six search-lights — one on military 
mast, one low on mizzenmast, and four in the battery, two forward 
and two aft on railways, fitted to rig in and out. Turrets and ammu- 
nition hoists are operated by electricity or by hand. 

In the German navy four dynamos have generally been installed in 
the larger ships. Motors have been used to run many of the auxil- 
iaries, such as ventilatoi*s, ammunition hoists, capstans, winches, and 
for training guns. 
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The wiring of late has been left uncovered to facilitate repairs, the 
use of wooden Scotchmen or pipes being discontinued. Mains are 
laid against the bulkheads and painted over, most mains being wrapped 
with tin or thin metal. Branch wires are loosely secured, but so that 
they will not hang arfd interfere in the passageways. 

The following translation of an article upon the electrical apparatus 
on ])oard the coast defense vessel Aegir will be found interesting, and 
gives the result of the trial of the electrical machinery on board that 
vessel: 

AtTXILIARY APPARATUS CONTROLLED BY ELECTRICITY. 

An extensive use of electricity has been made; besides that for interior lighting, 
projectors, signals, and the transmitters of onlers, the dynamos supply j>ower for 
ten ventilators — four for the engines, four for the interior of the vessel, and two for 
the driers; one motor for the helm; two winches for the Iwate; two capstans; three 
sets of apparatus for training the guns; five ammunition hoists; and one compression 
pump for loading torpc<loeP. 

The generating dynamos and a part, of the motors have not fulfilled all that was 
expected of them. However, it would not do to condemn the principle, as the appa- 
ratus was made by a firm that had never before had any experience in their constnic- 
tion. Noticeable mistakes were made in ascertaining the required energy for certain 
of the apparatus, the errors being due to underestimation. In the capstans, for 
example, the electrical i)ower was just sufficient to weigh anchor. It is alisolutely 
iiidisi>ensable to allow a greater margin in apparatus of this kind. The generators 
are goveme<l by a steam motor, whose regulators are not sensitive enough as regards 
the great variations of the ami)^reage. 

The question of detail of the motors has also given much trouble, particularly 
when tried with new cx)mbinations, and it seems but right that ample time l)c given 
those having the matter in hand in order that they may familiarize themselves with 
the materials, which, if used properly, cannot but give the results predicted. On 
the other hand, the advantages of electric power are so considerable from the stand- 
point of incumbrance, temperature, damage, protection, etc., that its use will cer- 
tainly be a grand lesson when a system is attained whose defects, now seemingly 
insurmountable, are overcome. The generative dynamos w^hich supply the light and 
the ix)wer for the auxiliary apparatus, except the motors used in turning the turrets, 
are three in number, each of 400 amperes. They then give 1,200 amp(ires, and for 
the simultaneous starting of all the apparatus, including those for lighting purposes, 
2,300 ampdres are required. 

The generators for the motors for the turrets are independent and are controlled 
by steam turbines, which supply their motor at a tension of 120 volts. It Inking 
certain that there never arises a necessity for working all the apparatus at once, the 
energy necessary is then an affair of proportion, but it is not sufficient here. Thus 
on the A€(pT they cannot at the same time weigh anchor, hoist a boat, and light a 
projector. These, however, are the usual conditions in navigation. It seems that 
a Ixitter result in the actual installation could be reac^hed by changing certain con- 
nections, but no matter what is done, three dynamos will never l>e sufliicient for the 
electric plant of the Aegir, where at least four are neeiled. If to this is added the 
necessity of inspecting and repairing the dynamos, it will be readily seen what bad 
conditions exist. 

The installation of the electric lighting has given no inconvenience; moldings were 
Omitted, and it was readily found that the installations for the illuminating tx)uld be 
left uncovered. The search for defects is very simple, and it seems preferable to 
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keep the illuminating material in such slight repairs as it will require from day to 
day to going more deeply into the subject by endeavoring to find the solution in per- 
manent insulations. It is not well, however, to exaggerate the efficiency of the 
installation, which, undoubtedly, has many bad qualities. The projector circuit and 
the circuit for the signals are installed in this manner. 

The installations for the ventilators have given excellent results. 

The ventilators for the boiler room are controlled by steam motors, not solely on 
account of the heat, which rapidly deteriorates the insulators, but on account of the 
coal dust, which is a good conductor. 

The motor for the steering gear worked well during four hundred and seventy-eight 
hours, and sustained during that time but one injury at the end of a trial. The noise 
of the motor, the buzzing of the conductor, and friction of the brushes is consider- 
ably less than that of a steam servo-motor; it is, however, sufficiently strong to make 
the transmission of orders from the bridge through the speaking tube uncertain. The 
naval personnel has given considerable time to this feature, but, like all new things, 
it will take time to get accustomed to it. The control of the motor is as yet indifferent. 
It is based on a contact apparatus which in running easily wears itself out and does 
not carry sufficient current to insure a precise working of the helm. The steering 
indicator, which is a sort of voltometer, works very well. The needle of the voltom- 
eter follows the movement of the helm with IJ seconds retard. These are the l)est 
indicators that have been tried up to present. Their only inconvenience is that they 
can not be repaired on board. They have overcome the difficulty by supplying 
several interchangeable voltometer indicators. 

The time necessary to work the tiller is very long, requiring 5 seconds io put 
the helm at 5 degrees; 7.7 seconds to put the helm at 10 degrees; 12.7 seconds to put 
the helm at 20 degrees; 20 seconds to put the helm at 35 degrees, and 28.7 seconds 
to change it from one side to the other. 

The contract required as a maximum limit that the helm should be changed from 
one side to the other in thirty seconds. The contract is then fulfilled, but there is 
great inconvenience in that it requires considerable time for the first five degrees on 
account of casting off the motor. This is evidently a condition inferior to what was 
contemplated. 

The board has contended that it is absolutely necessary, in case of emergency, that 
the working of the helm 1x5 more rapid. It further held that it was more important 
to devote time and attention to correctly putting the helm down in starting at " 0°" 
than to changing it from one side to the other, and asks that hereafter it should be 
the contract starting point. As to the question of weight, the electric motor weighs 
nearly double the servo-motor that would \ye required. 

The motors of the helm during the trial did not sustain a single damage. Never- 
theless, doubts of their endurance were entertained, and no one is certain what they 
would accomplish after a prolonged use. In face of all these good reasons the board 
contended that it was indispensable to have steam servo-motors to overcome defects 
in the electric order until it was certain that the working of the same for some length 
of time could Ije conducted satisfactorily. 

The boat winches fulfill the conditions of the contract, and hoist the l)oat at a 
speed of 10 meters i>er minute. In this, however, the electric motors are inferior. 
The casting off is always slow, and it was found that during the first fifteen seconds 
the speed was not more than 1.6 meters, while with a steam winch it was 2. 5 meters. 
This consideration is of great importance in hoisting the boats in bad weather. 

The motors for the capstans are entirely too weak, it being impossible to weigh 
anchor with a single motor. Undoubtedly the anchor and chain could be hauled up, 
but never weighed. If they couple the motors, they are hardly sufficient to weigh 
the anchors at 40 meters depth. It would require motors of double that power in 
order that one of them could weigh anchor mider average conditions, and a second 
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one would not have to contribute except under un&ivotiible conditions owing to bad 
weather. The board concluded by imperatively demanding a steam motor for the 
cajistans. 

It would not yet be well to give a definite opinion upon the electric apparatus for 
training the guns, which make, nevertheless, much noise and renders hearing difficult 
in the turret. This noise could doubtless be lessened by inclosing the ap|>aratus in 
a sort of covering. The motors have otherwise fulfilled the conditions of time and 
power required by the contract. 

The trials of the ammunition hoists have been satisfactory. 

The question of the precision of the electric brake at the end of the course has 
been answered. The question arises, however, why the same type of ammunition 
hoists which gave admirable results on board the Kaiser Augusta were not installed on 
board the jEgir. It seems that the electric motors are particularly suitable to this 
kind of ammimition hoists. 

The motors that control the compression pumps have also given excellent results, 
even to an extent in favor of the electric motors, which adapt themselves easily to 
great speed. 

The electric transmitters for orders have been mediocre. Numerous mistakes 
have arisen; either the incandescent lamp did not light or else several lamps lighted 
at the same time. This system should be condemned. The compass was observed 
with great care during the working of the electric motors. It was not possible to 
determine the deviations due to the circuit current. They are, however, slight, since 
the effect of the current is counterbalance<l bv that of the return current. * » * 

It has been decided to use motors largely in the Italian navy for aux- 
iliaries, not only in their new but in their old vessels, which will neces- 
sitate changes in the distribution by special circuits to the switch- 
board system allowing the dynamos to be run in parallel. 

The Saint Bon^ one of the latest ships, has four genei'ating sets of 
300 amperes e>ach, and arrangements have been made for five in case 
of necessity. A voltage of 110 is used. 

The mains are of uncovered copper wire, insulated by porcelain and 
carried in iron pipes. Branch circuits will be lead covered, and no 
moldings used. 

Russia has taken the lead in using electrical auxiliaries. In her 
recent battle ships and large cruisers, four generating sets have been 
placed below the protective deck and two sets above. A pressure of 
105 volts is used. It is intended to use motors to run the following 
auxiliarie^s: Windlasses, capstans, ammunition hoists, blowers for hull, 
engine and fire rooms, machine shops, turret rammers, training gear 
for turrets, draining turbines, elevating gear and training gear for 
guns, boat cranes, pumps, and steering gear. Seventy to eighty motors 
will be required for these auxiliaries in their larger vessels. The wir- 
ing will be uncovered, and 1,000 to 1,500 lights installed. 

Japan has followed the Admiralty methods in the installation of 
electric plants in her ships being built in England, but she has made a 
much more extensive use of motors for driving the auxiliaries than 
that customar}^ in English ships. 
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Austria has also experimented in the use of motors for driving 
auxiliaries, but has not extended this manner of distribution beyond 
ammunition hoiste, blowers, and elevating and training guns. 

The general methods of installation of electrical plants in the British 
Navy, compared with those of other navies, is illustrated in the follow- 
ing article read by Mr. C. E. Grove before the Institution of Electrical 
Engineers, and a synopsis of the article is published for use as refer- 
ence for the officers of the service: 

The Electrical Equipment of Ships of War. 

INTKODXJCTOBY. 

This sabject, already a great one, is rapidly growing, and the use of electricity on 
shipe of war is yearly being extended in all the navies of the world. While, there- 
fore, the bulk of the paper records what has already been accomplished, regard has 
been paid throughout to certain imminent developments which in many departments 
overshadow present day practice. 

The methods followed in the English navy have to so large an extent constituted 
a guide and pattern to the world that the basis of the present paper lies naturally in 
British Admiralty practice. In certain navies, however, important departores from 
British practice now exist, and tend to become more marked with the flux of time. 
Some of these are referred to hereafter. The author's intention has been entirely to 
avoid administrative and tactical questions, and to treat the subject solely from the 
point of view of an independent electrical engineer. In British warships and in 
ships built in this country for foreign Governments the constructive work fells into 
three main divisions, dealt with respectively by the "shipbuilders," the "engineers," 
and the "ordnance contractors;" and part of the electrical work falls into each 
division. In the present paper this distinction is ignored and the electrical equip- 
ment treated as a unity. 

pam I.— general equipment. 

DYNAMOS. 

The first important step in the use of electricity on board ships of war dates from 
the introduction of the dynamo. In 1876 a Wilde alternate-current magneto machine, 
belt-driven, was installed in H. M. S. Minotaur to work a searchlight projector. This 
machine gave place to the continuous-current Gramme dynamo, so soon as the latter 
had assumed practical form; and this again was superseded in due course by the two- 
pole drum-wound direct-coupled compound steam dynamo, which until about 1895 was 
standard in our navy. The sisse of unit varies in our navy by steps of 100 amperes 
from a machine giving 100 ampc^res in the case of torpedo-boat destroyers, small 
gunboats, and the like, to a machine of 600 amperes, as now used in all modem battle- 
ships and large cruisers. The standard voltage is 80 in all cases, this having been 
settled long ago as a convenient compromise between the pressure required for work- 
ing searchlights and that giving the best efficiency in the ordinary electric-light 
circuits. With the growing demands for current, this low voltage is becoming 
increasingly inconvenient — ^a matter which will be referred to again farther on. For 
all sized sets, from 200 amperes upward, the standard speed is 300 to 320 revolutions 
per minute, though in the smallest sets speeds occasionally run up as high as 500 
revolutions per minute. Engines running up to 500 revolutions with forced lubrica- 
tion are now being introduced for the larger sizes. By the provision of clauses in 
the specification requiring the engine to work the dynamo with a low steam con- 
sumption, and requiring that the temperature of the dynamo after six hours' ran at 
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full loBil shall uut I'xcoud 80° F. altovi^ llie BUirounding air, the eaecntial oinilitiuna 
(or obtaining a well-built inachiuuiif high uffiuiency Mid modt-ratt weight aiv secured. 
Fig. 1 shows the general appearance of a Britieh Admiralty steiuii ilynamo of the 
ordinary two-pole horecshoo type. These machines almost invariably had smootb 
cores. "Irouclad" inachinea were introduced some five years ago to overcome a 
diffii^ulty which had been discovtred on ships ei|uipped with ordinary dynamos, 
namely, that cMnsidemble distiirbani-e uf the compasa readings was observeil, depend- 
ing on the stray magnetic field prwliiced by the dynamos and varying witJh the 
number of ilynauiott that were at work. Until this interference hail \teen actually 
proved Ui be due to the dynamos themselves, it liad been attributed to induction 
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from the currciitd in tliu wircualwut Ihetjhip; but it waa found that their action waa 
much IfSM important than the direct inllueni-o of the dynamos. With an ironclad 
macliine the stray magnetic iield is redaci.il to one-half, or lesci, of wliat it is witli an 
ordinary open-type machine, the stray flehl from (he magnets (provided the macliinc 
is lit>erally designed sm r^ardii the mass of iron) Ixiicig almost nil, while the leakage 
of magnetism axially along the armature shall ia greater. 

The chief difficulties in duHigning ironclad dynnmoa arise in dedgning U> a mini- 
mum weight and in providing adequate ventilation. Figs, 2 and 3 show an ironclad 
dynamo of the author's design in which thorougli ventilation is sei^ured by the device 
of coring slots through tliu bottom, sides, and ends of the magnet castings. The 
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weight of an ironclad dynamo is greater by 50 per c«nt to 75 per cent than that of an 
ordinary Admiralty open-t}T)e machine of the same output, which reason has le<l to 
the ironclad type being superseded by an open four or six pole ma(!hine, which, on 
the whole, provides the best combination of good ventilation, minimum external 
leakage, and accessibility of parts. Fig. 4 shows a recent 600-ampere admiralty set, 
by Messrs. W. H. Allen, Son & Co. Most modem Admiralty dynamps liave slotted 
cores. The total weight of such a set is about 6 J tons, of which the armature repre- 
sents about IJ tons. 

The United States Navy usually employs a four-pole machine, their largest units 
being of 60 kilowatts at 80 volts at 400 revolutions per minute. The temperature 
limit is however 50° F., which involves a heavier dynamo than the British for the 
same output. Fig. 5 shows such a set, constructed by the General Electric Company 
of Schenectady. 

By way of contrast to these large machines, a small steam dynamo (fig. 6) may l)e 
mentioned, which was recently designed by the author and fitted into 40-foot and 
56-foot steam pinnaces for the Russian Government for working searchlights. In this 
particular case the required output was 60 ampc^res X 65 volts at 500 revolutions per 
minute, though the set has a maximum output of 6 units, on a total weight of 12 cwt. 

Steam engines of the open type are usually employed for dynamo driving. They 
have to be constructed strongly enough to work with the full steam pressure from 
Belleville boilers (275 to 300 pounds per square inch), though with cylinder areas large 
enough to furnish their nominal full output at 150 to 200 pounds pressure. Among 
the essential conditions for successful working are ample bearing surfaces, with thor- 
ough lubrication, to insure cool working for long periods, and ability to get rid of 
large volumes, of water, which come over with the steam when auxiliaries on the 
same range of steam pipes are started. 

The importance of preserving the dynamos unharmed in war is so great tliat at 
least a sufficient number of sets to supply all the fighting parts of the ship must Ije 
kei)t under protection. Unfortunately this generally means i)lacing the machines in 
a warm, ill- ventilated space, so that their durability is impaired. Again, if all the 
dynamos are together, an injury to the compartment, or to the steam and exhaust 
pipes serving the electric-light engines would place the whole hors de combat and 
put the ship in darkness. Our Admiralty practice is to put one of a set of three or 
four dynamos in some daylight position on the upper or main deck to supply all the 
ordinary lighting current in ** peace," and to place the dynamos that are used in 
action below the water line. Nations differ as to the advisability of doing this, the 
control being certainly less convenient when the machines are in separate places. 
The United States Navy places all the dynamos in one compartment. The Japanese 
divide the dynamos between the fore and aft auxiliary machinery rooms, but keep 
them all under protection. 

SWITCHBOARDe. 

This standard British Admiralty pattern switchboard consists of a slate or slates 
carrying horizontally upon them a series of omnibus bars, connected severally with 
the iwsitive and negative terminals of the dynamos; and bridging over these, a series 
of vertical slotted bars leading through fuses to the circuits, and carrying sliding con- 
tact plugs which can be pressed down so as to make contact on the top and Hides of 
the omnibus bars, being locked in the **on" jwsition by a spring handle, and main- 
tained in the "off "position by the action of an internal spiral spring, wliich also 
gives a quick break. The switchboard has the merit that all the current-carrying 
parts are on its face, and it is fairly compact; but the method of making electrical 
contact leaves much to l)e desired, and the switch parts consist of a number of com- 
ponents which give complexity and add to the cost of maintenance. The present 
design of board grew out of that older type known to tel^raph engineers as the 
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" Urawhalter," in whirK Odntairt waw maik belwewi any one of a serieH of vertical 
bare aad any other of a Beries of horizontal ban* by screwed or coned plugs uniting 
them at their internertion; this style of lx>anl faJled in servitM! bemUHe of the practice 
of making and breaking circuit on the pluga, which le<1 to their speedy deetraction. 

In the English Admiralty board, while any circuit or any number of circnito can 
be worked from one dynamo, it ie not jKwsible to work two or more dynwnoe in pai^ 
allel on the same drcuit; and in tmnitferring a circuit of lighta from one machine to 
another, it is neceeeary to extinguish tliem during the process, which is objectionable- 
lime was when the parallel working of com pound- wound dynamos was attended 
with difficulty; but the condiLions are now well undenitood, and parallel working is, 
in fact, in BiiccesBful operation on many ocean linem and in other navia). 

These switch boards aro usually made up to standard ilrawings and anasged for 
Hiree dynamos and inx cin-iiits. When, as is comriionty the em^Q, the number of cir* 
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cuils exceeds six, one or more additional Imartls are fitted, and their dynamo bata 
coupled. Fig. 7 giv(» a liew of three such Ixmrds coupled in position on the Japan- 
ese battlcflliip Sliihghima, which carries three 600-amp^re dynamoe and eighttien cii^ 
cuits, BIX circuits supplying incandettcent lights, four projectors, and the remaining 
eight motors. 

The battleshipH of the I^rmidahle, i>iin/yin, and more recent claasee and the cruisers 
of the Jyrate class will carry four 0OD-ami)i)re dynamos, usually running at 400 revo- 
lutiona per minute, and a large number of circuits, some of which will supply current 
to powerful motore. The design of switch board described above appears to be quite 
unauitab.e for sueh installations. 

The CMdew hot-wire voltmeter and the Siemens toraion spring ammeter are the 
instriunents chiefly to be feund on H. M. ships, tliough these are no longer standard. 
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having been replaced by dial instruments of the well-known Everehed pattern. 
The instnunents are usually placed in close proximity to the dynamos and not upon 
the switch board. Circuit breakers are not used in the dynamo circuits of our navy, 
though double-pole fuses are now generally fitted in the machine leads. 

The United States Navy standard switch board is planned with its dynamo bars 
vertical and circuit connections horizontal, and is designed for parallel working. 
Fig. 8 shows the main generator board fitted in the recent battleships Kearsarge and 
Kentucky, which each carry seven 50 k. w. dynamos. Each dynamo bar is surmounted 
by its ammeter and main throw-over switch. A panel at one end contains the instru- 
ments used in common by all the dynamos. The field terminals of the machines are 
brought to the switch board, where they may be connected either for self or separate 
excitation. Equalizer switches are fitted on a separate panel in another part of the 
room. 

From the main board feeders are run to three 3-wire main distributing boards 
(fig. 9) located respectively forward, aft, and amidships, from which the several 
power, searchlight, and lighting circuits are run. Each of these boards receives 
from the main generator board five cables, a pair of " outers " for lighting, a similar 
pair for power, and a conmion neutral. Four subdistribution boards for groups of 
motors are supplied from the main distribution boards. 

A circuit breaker and a short-circuiting switch for the series winding are carried 
by each generator on the terminal board, from which its main cables are led (fig. 5). 

The electrical principles involved in this scheme of connections seem, in the main, 
right; but the multiplication of switch boards is a bad feature, which is said to have 
been necessitated by restrictions of space in the ship. 

ELECTRIC LIGHTING. 

The first installation of electric lamps on a war ship was i)ut in II. M. S. Inflejcible 
in 1881. It consisted of a set of arc lamps run in series from a Brush dynamo with 
glow lamps arranged, 18 in series, on the high-tension mains. The arc light has 
disappeared. Modern war vessels are usually too much subdivided and have too 
little head room to justify the use of arc lamps, although these are again becoming 
somewhat common on merchant vessels. The parallel glow-lamp system became 
standard practice almost as soon as it was introduced, and the numlxir of lamps 
employed has been steadily increasing. Thus, in the battleship Colossus, fitted in 
1884, 350 lights were installed; in the Blenheim^ first-class cruiser, fitted in 1890, 526 
lights were installed; the Majestic class of battleships, fitted in 1896, carry between 
800 and 900 lamps; the Albion and her sister battle8hij)S of the Canopus class, just 
completing, carry about 950; the lAjndon and Duncan classes of battleships now 
building will carry from 1,000 to 1,050 lamps, while the first-class cruisers of the 
Drake and MonmoiUh classes now building will carry approximately 1,000. 

It is usual to arrange the electric lamps in six circuits, one circuit l)eing exclusively 
devoted to engine and boiler rooms, one to magazines, one tc the central citadel, one 
to the crew spaces forward, one to the cabin spaces aft, and one to the stores and 
machinery rooms below the belt deck. It is desirable to have separate circuits for 
those portions of the ship which are jjrotected by armor, rather than to mix up 
the lighting of protected and unprotected jwrtions, though this is by no means gen- 
erally done. A schedule showing the arrangement of lamps, fittings, and circuits on 
H. M. S. Albion is given in fig. 10. In the United States Navy the lamps are 
arranged on two main circuits, known respectively as the "battle'' circuit, which 
includes the lighting of all parts of the ship occupied in action, and the " lighting" 
circuit, which includes those parts where general illumination is required for ordi- 
nary purposes. Feeders running from the switch boards connect to the respective 
circuit networks through junction boxes. At "general quarters" the ordinary 
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lighting circuits, which include all the exposed lights on the upper decks, are dis- 
connected at the switch boards. This arrangement prevents stray light shining out- 
board. 

Lead-covered cables and wires, first introduced into the Japanese cruiser Namwa- 
Kant built at Elswick, are universally used in our navy, and the insulation is now 
vulcanized India rubber in all cases. For single lamps a pair of 1/16 wires are 
employed; stranded wires which group the sets of lamps through fuse boxes up to 
the circuits are universally composed of multiples of single 20-wire, the standard 
sizes being 7/20, 11/20, 15/20, 30/20, 60/20, 80/20, and 150/20, while for dynamos and 
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FiG. 10.— Schedule of electric lighting, H. M. S. AWUm, 

heavy motor (circuits 350/20 and 550/20 are employed. The current density is usually 
a little Ixilow 1,000 aminires per spuare inch, which insures in the lengths dealt with 
a very moderate voltage drop. The present mode of fixing the wires and cables is 
to attach battens of teak to the bulkheads and to run the wires side by side along 
the teak under brass cleats or saddles. Thus all the wires are visible. According to 
Admiralty specifications, steel battens may be used as an alternative to- teak, but they 
would be much heavier, and the author is not aware of any ships so fitted. The intro- 
duction of these teak battens int(j our navy took place but a few years ago, and the step 
appears to have been quite a retrograde one. The employment of wood allows of 
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fewer holes being drilled in decks and bulkheads than would be otherwise necessary, 
but the aggregate cost of the wiring work is considerably enhanced, ust^less weight 
is worked into the ship, and the danger of fire increased. The Japanese have in their 
latest l)attleships had the cables and wires attached directly to the decks and bulk- 
heads, dispensing with backings, except where necessary for the heaviest nuis or as 
packing to carry heavy runs of the larger cables over obstructions, such as flanges of 
angle bars, rows of rivet heads, and the like. This makes a very substantial an<i sat- 
isfactory job. The practice in the United States Navy very much resembles land 
practice. Lead-covered wires were employed at one time, but it is said that the 
quality of the lead and of the insulation was such as to give trouble, and to cause 
them to revert to the old system. In their latest ships they have run braided wires 
in wood moldings in cabin spaces and in iron pipe or conduit in machinery spaces, 
while in the crew'spaces and in some of the fore-and-aft rims the wires are supported 
below the decks on porcelain insulators, and protected by thin iron guard plates put 
over them. None of these methods appears to be so safe or so thorough as the Brit- 
ish Admiralty method of lead-covered cables closely packed together and visible 
and accessible throughout their length. 

WATEB-TIOHT WORK. 

Where the wires go through water-tight bulkheads or decks, of course the bulk- 
heads and decks must be made water-tight behind them. Until recently the method 
of making the cables water-tight at the decks consisted in providing a length of iron 
tube lined with fiber, with a stuflSng l)ox and gland at the top end, by means of 
which an india-rubber packing was screwed down upon the cable, and similar glands 
were used where the cables passed through bulkheads. One disadvantage of this 
arrangement was that where a number of cables and wires had to be dealt with, a 
considerable amoimt of space was taken up by these pipes in order to provide room for 
spanners to work in tightening up the nuts. A simple, compact, and effective 
•method fs as follows: Two pieces of wrought-iron plate are drilled with holes slightly 
larger than the size of the cables that are to go through the bulkhead; similar blocks 
of India rubber, about half an inch thick, have holes formed in them just the neat 
size of the cable; the bulkhead is drilled with (blearing holes; a slab of rubber and 
an iron plate are placed on either side of the bulkhead, the cables are drawn through, 
and then the plates screwed up tight. By this means pressure is put upon the 
rubber, which tends to make the holes through which the cables pass smaller, so 
that the cables are griped, and the holes are left water-tight. This arrangement was 
used by the author throughout the Japanese battleship Fuji, both for decks and 
bulkheads. Fig. ii shows a grouping of cables through such glands at the water- 
tight bulkhead alongside the entrance of an ammunition passage. Many ships 
fitted at Portsmouth have rubber-packed plate glands, though these are fitted only 
on one side of the bulkhead. 

A new arrangement ( fig. 11 a ) was introduced by the British Admiralty in 1898. Brass 
glands of tubular form, scTewed to take a nut at one end and having central holes, 
previously tinned, about one-eighth inch larger in diameter than the cable intended 
to pass through, are inserted in the bulkheads and made water-tight on the iron by 
means of red lead. The lead-covered cable is drawn through and its tai)e 8tripj)ed 
back to bare the lead at the gland, a split tinned ferrule is then inserted to fill the 
clearance space around the cable, and the whole is then sweated uj) solid by means 
of a blowpipe. This is a rather tedious method until the men get accustomed to it, 
and there is some danger of overheating the insulation unless care is used. Once the 
cables are tightly drawn through and sweated up, they have a neat and solid apjKiar- 
ance, but they can not be drawn back, and when repairs Ijecome necessary it seems 
likely that the cables will have to be cut, which is a great disadvantage. 



The iiiain-circuit cables from tlit; KwiUh boai^ pass, in the case of the heaviest dr- 
cuite, through "juncticm boxce," into which they split ueuslly into two branches 
protected by fuseB. Each of these branchea then passes through a series of "section 



Fro. 12.— DiiMtnun u( Admiralty dlBtribuUng ifEtem. 

lioxes," which are circular water-tight boxes containing a switch and fourpairaot 
terminals for the attachment <if fuses and the blanching of irables. Eai^h of the four 
pairs of cables running from asectioa Ikix terminates in a "distributing box." which 
is a similar box to the section box and contains fuses and a double-pole uwitch. 



Fro. 13— AclmiruUy pattern water-tight bracket. 

From each diBtribiiting box e^ht pairs of wires arc taken, each pair leading direct 
to the terminals of one lamp. Fig. 12 illustrates the arrangement As explained in 
the next section, no lamp holders, properly ^ipeaking, are employed. This "dia- 
tribuUng-box system " was introduced into Brilish warshipe about 1892. It ia a 
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modification of a method previously developed and used in wiring hotels, blocks 
of mansions, and such like places. Its advantages are that it enables the electric- 
light system to be entirely laid out without any joints or branches in wires, thus dis- 
pensing at once with what is usually an important source of trouble. In the event 
of any part of the system becoming injured it can at once be switched off at the 
nearest distributing or section box, and the working of the system in general 
is not interfered with. The system allows of the work being rendered more com- 
pletely water-tight than could otherwise be accomplished. The lead covering of the 
wires is stripped back sufficiently to enable the wires to enter the terminals in the 
box; the lead is then sweated to gland plates, which are made water-tight with red- 
lead packing. While there are no single-light fuses employed except in distributing 
boxes, it is usual to employ single-light switches placed close to the fittings for all 
lights except those in crew spaces and magazines, which are controlled in groups. 

Double-wire lighting circuits are universal. H. M. S. Polyphemus was the only 
British ship in which single wiring was employed, and this was soon converted. 
Concentric systems, with or without the outer conductor earthe<l, have been fre- 
quently advocated for war ships, but they do not lend themselves sp readily to the 
repair of small injuries as the twin-wire circuits employed. 

, FITTINGS. 

Fig. 13 illustrates a typical Admiralty water-tight fitting, showing the method of 
wiring. The leatl-covered wires are drawn through an india-rubber washer pierced 
with two holes, which fits tightly into the neck of the fitting, thus excluding mois- 
ture; the lead and the insulation are then stripped back, and the bare wires led 
through holes in a slate disk which forms a separator; no lamp holder, properly 
speaking, is used, but the ends of the wires are turned back with pliers to fonn hooks, 
and on to these bottom loop lamps, having twisted spiral platinum loops, are hung. 
Loop lamps are used because they best stand vibration and shock due to gun fire. 
But this method of wiring is capable of considerable improvement. If the hooks in 
the wires are not properly formed and are not of exactly the right length, bad con- 
tact and sparking result, and the wires are burnt. If from any reason the hooks get 
injured or broken off, little pieces of wire have to be soldered on, which is not good. 
It would be much more satisfactory if the wires terminated in fixed contact blocks, 
and the fitting, wired complete and provided with spring-contact plungerg, were then 
independently attached. In the Shikishimaj combination fittings, carrying electric 
lamps and candles, were wired in this way by the author with success, the removal 
of four fixing screws allowing the fitting to be bodily taken away without disturbing 
the main wiring. 

SIGNAL UGHTS. 

Every ship, of course, carries the ordinary international navigation lights, port 
side red, starboard side green, and masthead white, which must be alight all the 
while the vessel is under way, together with white riding lights, which have to bum 
when the ship is at anchor. In British ships, co-called "position lanterns," two in 
number, are carried on the ensign staff when at anchor. In order to provide against 
failure of the navigating lights, the lanterns sometimes contain two lam{)s with an 
automatic switch for throwing the second into circuit if the first fails. This does not, 
however, make a good arrangement, because both lamps can not l)e placed in the 
focus on the Fresnel lens, and if one is right the other one must \ye out of position. 
Telltale alanns (of which there are several kinds) are used on some shi^^fi to give 
warning if one of the navigating lights fails. Fig. 14 shows the arrangement devised 
by the author for the Fuji and ShikiMma. An electric l)ell is provided with a relay 
wound to one-tenth of an ohm and carrying the full current of the 50-candlepower 
lamp employed, say 2} amperes. This relay magnet holds a spring contact out of 
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cx>n]iection with the bell circuit while the lamp current ia on. On the failure of the 
lanip current, the spring contact completes the bell circuit, and the bell rings contin- 
uouHly. A <lu[)lex switch in one water-tight case switches both lamp and bell circuit 
on together. A plug cx>nnection is attached near the lamp position, so that tlie lamp 
can be remove<l without disturbing the wiring. The bell circuit can l>e tested by 
merely switc^hing on with this plug connection out, when, of course, the bell will 
ring if all is in order. 

The Anlois lantern is largely used abroad for speed signaling. This lantern, shown 
in fig. 15, is really a double lantern, one-half having a white Fresnel lens and the 
other a ruby lens, each inclosing a 50-candlepower lamp. As used by the Japanese, 
the lantern is hung over a sheave from the fore starboard yardarm, this sheave being 
surmounted by a single lantern of similar design showing a white light. When the 
white light in the movable . lantern is shown burning close up to the fixed light it 
means "full speed ahead," while the red light in this position indicates "full speed 
astern." If the white light is shown halfway l)etween yardarm and rail it means 
"half 8pee<l ahead," a red light in the same position indicating "half speed astern." 
When the movable light is shown quite low down, it means "slow speed ahead," 
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Fia. 14.— Navigation lights alarm, Fuji and Shikiahlma. 

and the red light in the same position "slow speed astern." The white lenses are 
slightly obscured because it is thus more easy to see the two separate lights when 
close together than if clear glasscH are uschI. Two white lights and a central red one, 
in lanterns on the afterbridge rail, are used for the same purpose, and screened so 
that the light shows only a**tem. 

Among minor signals may l)e mentioned that employed to indicate "Admiral 
aboard. ' ' On British ships, three lamps art* hung, resjKHrtively , at the ends and center 
of the afterbridge rail, and one from the military top; on Japanese vessels three 
lamps art^ hung in triangular fashion from the after military top. The same three 
lanterns hung in various iK)sitif>u8 are U8e<l by the Jai)ane8e for other signals. 

For general fleet signaling, flashing lamps carried at the tnick of the foremast are 
in fairly general use. They art* designed so that any communication can be effected 
by the u«^ of the ordinary Morse code. In one design of masthead lantern due to 
(^aptain Scott, and made by Messrs. Armstrongs, the lamps, which bum continu- 
ously, are inclosed in a lantern surrounded by two louvre screens, one fixed and the 
other movable. The movable screen is attached to the armature of an electro- 
magnet, through which currents are nent when the signaling key is depressed. The 
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Fio. i6.— Double Masl-liead Flaahine lantern, " Scott " Syitem, 
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lantern may be nrranged so that openings in the lonvres coincide and the lights are 
visible, when everything is at rest, the movement of the screen cutting off the light 
and thus representing the interval between the signals, or vice versa. A modifica- 
tion of the Scott lantern as used by the Japanese is shown in fig. 16. It consists 
Cflsentdally of two lanterns, one above the other, the lower one being inclosed in a 
ruby glass screen: There are independent signaling keys for the two lanterns, the 




Fio. IG.—Ardois lantern. 

contacts of which are shmited by a condenser and resistance tA kill the sparking. 
In the figure the screen is shown to a larger scale for clearness. 

The BritiBh masthead lantern is of different design, the lamp current itself being 
intermpted by tbe signaling key. 

The United Stal«s Navy uses for fleet signaling four Ardois lanterns, the upper 
light in each being red and the lower white. These are suspended about 10 or 12 
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feet apart oTi a oimple of wire jacketays from the aftermaflt. A Hpecial controlling 
Mwit^rh in iiHfil, liavini? Het» of contacts corresponding one to each possible cflmtrina- 
tiun of four li)fhts, the two lights in one lantern never being iiaed together. Ex'fa 
combinBtion lieniites a letter of the alphal>et or a figure. By moving the switch 
handle about the top dial of the switch and depressing at the proper contacts, words 
are spelt out 

The searchlight inatallationia usually considered one of the most important aertiona 
of the ship'H equipment, and use was found for searchlighlfl five yea™ l)e(ore elec- 
tricity waa UHe<1 for the general illumination of Hhips. The fimt projector was installed 
in 18T6 in II. M. S. Mhintaur. It had a vert.ii'al lamp burning square carbons, a {lara- 
bolic mirror, dioi>tri<.^ and itiverging ]ens(>i<, and Hashing Ht-reeu. The lamp was hand 
led and took alternating (lurrenta. In 1«78 the Siemene holophole j)rojeotjtr with 
sutoinatii' lamp wa« trieil on II. M. S. 7Kuin;)A; and many other /cimiM of projectors 




and lamps were eitperimentoii with between that date and 38S1, when the TnJkxiNf 
was litted with a Mati^n {irojecl4>r, having a Mangin mirror instead of dioptric lena, 
and an inclined liand-fi-ed lamp, current Ix-ing furnished by a Gramme dynamo. 
The Man^n mirror is ground to spherical surfacet>, the front and Itack having differ- 
ent railii of curvature. The iNirallelism of the beam is due to refraction through the 
thick glass between the front surface and the silver surface of the liack. This remained 
standard in our navy until alwut 1893, when it gave jtlace to the Parsone mirror, 
which is a thin parftlM)lii: mirror of high quality. The Mangin nystem is, however, 
in use by most foreign navies. The incline<l hand-feed lamp is still the standanl of 
the British navy; the carbons are tilte<l almut 20 degrees from the vertical, Bn<i the 
light falling upon the mirror has its maximum intenwity at or near the centre of the 
mirror. On the (Continent and in the United Ktatew, automatic horizontal carbon 
lamps aru coming into favor. The i-rater of the positive carbon is, of course, tamed 




Pi(i. iS«.— Siemeni Automatic PMJccIor. 




Fio. i86. — Siemens Automalic Projector. 
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toward the mirror, the arrangement in this case giving the maxim wn intensity of 
the light at the outer edges of the cylindrical beam. The British war office has also 
adopted the horizontal carbon lamp for its standard projectors. The ascending cur- 
rent of air is apt to displace the arc, which is specially inconvenient with horizontal 
carbon lamps. To get over this difficulty, the Schuckert projector, fig. 17, which is 
the standard in the Austrian navy, is fitted with a soft iron ring surrounding the 
carbon. This ring becoming magnetized when the current flows, produces a magnetic 
field along its axis in which the carbon lies, and so keeps the arc in the proper 
position. 

It is now becoming common practice by foreign nations to operate searchlights 
from a distance. An observing officer can see the object illuminated very much 
better if he occupies some different position from that of the searchlight, so that he 
does not have to look along the beam. But, as he must have a means of directing the 
light, it is becoming common to provide projectors with electric motors, one to train 
and one to elevate the projector barrel, including lamp and mirror, and also to fit 
projectors with automatic lamps. This operation is specially advantageous as regards 
projectors fitted at the tops of the military masts, which can be conveniently operated 
from the bridges. Fig. 18 shows a Siemens electrically controlled projector of this 
kind. It is worked by a combination switch, consisting of two motor-starting switches 
mounted at right angles to one another, and worked by a single handle. The opera- 
tion of directing the searchlight is done by moving the switch handle precisely as if 
one had hold of the back of the projector itself. The projector is instantly stopped 
upon a given object by bringing the handle to the **off " position, which short circuits 
the motors. 

As fitted on the bridges of ships, projectors have two positions, a working position 
right out and a stowing |X)sition in board. At the stowing position they are secured 
by chains and turn-buckles to anchor plates in the deck; in the working position 
they are secured by a small eccentric motion, worked by a hand lever, which lifts 
the projector base slightly from its trolley wheels and jambs it on to the underside 
of a flange in the rail on which the projector runs. 

Searchlights are used a good deal now for long-distance signalling, and very great 
distances indeed have been covered. The common way is to make use of a round 
disk suspended on a spindle running through the projector barrel, between the lamp 
and the mirror, and vibrating this disk by means of a small lever handle on the spindle. 
The arrangement is seen in fig. 18. In some recent foreign projectors a flashing 
screen, resembling somewhat a Venetian blind with the laths vertical, has been fitted 
in front of the front glass. The laths are linked together, and their movement from 
the jjosition in which the full light is shown to that in which all the light is cut off, 
is controlled by a small lever handle mounted at the side. 

VOICE PIPS AND BELL COMMUNICATION. 

The problem of maintaining communication between the several compartments, 
cabins, and military positions in a war ship is not less important than the problem 
of maintaining general illumination, but it is far less successfully solved. As regards 
the communications between officers in their cabins and their subordinates and sen- 
tries, a simple system of bell signals with annunciators or '* shutters" is all that is 
required; but communications between the navigating officers on the bridge and the 
engine rooms, and between combatant officers in the conning tower and the gun and 
torpedo stations, for example, may often be of a much more complex and special 
character than can be easily given by a simple code of bell signals. Beyond a certain 
point, means of verbal or telegraphic communication l^ec^omes nectissary. Such 
communications in our navy are effected by s|)eaking through (^opjKjr voice pii)es of 
2-inch diameter, fitted with whistles or elec^tric l^lls, pushes, and shutters, the latter 



ncrvinK merely to direct attention U> the voice pipe. These elartric-beH eonuonni- 
<iiti<inH are very t^xteiifive in a modem ship, tlie numlterof poiuta from which vertwl 
]ii«H4igeis can b«- wtiit or re4:eive<l Ix^ing about 100 in the batdeshipe of onr Majrttir 
cUeB tuid about 140 in the Ciinopug <.-lat«. A greater ekboistion, however, thaa in 
any other shipH afloat wan effected in the Japanese battleehipB f\tji and Yajitiima, 
which weT« M|ui]iped with ax many cm 25€ electrically connected speaking points, in 
addition to 44 tsbin beli-piwh pointu, 

Tlie (vjDnections lietween stations are effected by tour-core cable, the conductora 
Ix^ing 1/16, separately insulated with rubber, and covereii with different colored c»tton 
coveringH to facilitate making an<l tracuig connections. The electrical connections 
of a pair of instruments are given in flg. 19. When, as ia usual, several pipes and 
inxtruments occur at the same station, all the bnmching and jointing is done in 
terminal boxef. One l)ell is usually fitted common to the group, and one six-cell 
battery supplies several gronpB, the connections lieinf< made through suitable battery 
terminal Ikixch, The whole system is water-tight, and no jointing of wires is done 
outsiiie Isjxea. 

The problem oE communication is, however, not solved by the present arrange- 
ments, the difficulty being that, when the electric bells have done their duty anil the 
officers who wish to communicate are at the opposite ends of the voice tube, there 
is often so much extraneous noise that it is impossible for them to hear one another. 



It has been usual in recent years carefully to insulate the tubes from the main atrue- 
ture of the ship, so that they shall not pick up sounds by conduction, and the device 
has been employed of leading the speaking tubes to about six exchange stations, 
where mess^es are re<'eive<l and transmitted, so that the length of tube spoken 
through between point and point is redui'ed to the smallest limits. The tranemision 
of niensageM at exchange stations, however, introduces delay and sometimes error. 



The failure of voice ttibes has given telephones their opportunity, the speakiDg 
qualities of the latter being practically independent of distance. Among the earliest 
to use telephones on war ships were Russia anil America. One of thebeet forms of 
naval telephone, and one that is now l)eing largely used, not merely by the British, 
but by many other navies, is Alfred Graham's. It is a loud-speaking iustnunent, 
the transmitter taking the current of four or six lai^ agglomerate Leclanch^ cells 
and operating without an induction coil. The transmitter is of a granular type, 
inclosed in a water-tight case. It ia turned half round every time the telephone is 
used hy the switch which puts the line connections from " ringing" to "speaking." 
In spite of the large power employed there is no hissing. The receiver is contained 
in the same case. A considerable numlier of British battleships and cruisers are 
fitted with voice tubes and bells lietween the port-engine room and the bridges and 
conning towers, and with tbetie telephones Ix^twei'ii the 8tarbr>ard engine room and 
the bndgee and conning towers, the intention apjiarently being to gain extensive 
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experience of the relative eflSciency of voice tubes and telephones under identical 
conditions. Telephone connections in a typical case are shown in fig. 20. The most 
advanced instance of naval telephones yet fitted is to be found in H. M. new yacht 
Vivloria nnd Albert , which has a large telephone installation. The trials are also 
being made of the applicability of these telephones to communications between 
casements. 

It would appear, however, that during actual warfare, amid the noise and rattle 
of quick-firing guns, any instrument that depends upon the transmission of the 
human voice must fail. It is reix)rted that in the battle of Santiago the Americans 
found their telephones useless. Unless a large number of men are to be told off as 
messengers to carry orders, what seems .to be wanted is a system of printing tele- 
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Fig. 20.— Graham's loud-speaking telephone, connections. 

graphs, the instruments being of a not too sensitive character, so that they could 
work without giving false signals due to vibration and shock, the general design of 
the instrument being somewhat after the fashion of that used by the Exchange 
Telegraph Company, printing in ordinary roman letters. Such an instrument would 
have a relatively slow speed of action, but its result would be more positive, inasmuch 
as the message could be read by a person w^ithout a telegraphic training, and if by 
chance a false letter were printed it would not necessarily prevent the word from 
being recognized. Probably its speed — twelve to twenty words a minute — is as 
quick, all things considered, as the average voice-pipe communication now. Of 
course, messages making inquiries or giving instructions in accordance with under- 
stood requirements could be transmitted by abbreviated signals. 
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Before leaving the subject of communications, it may be mentioned that steps are 
being taken to introduce into the navy the "Sullivan" galvanometer for enabling 
shipH at sea to speak with the land through ordinary submarine cables. There is 
some prospect also that war ships will make general use of the Marconi telegraphic 
apparatus for fleet and ship-to-shore communications. This apparatus proved very 
useful in the 1889 manoeuvres, and equipments have since been supplied to some of 
the battleships of the Channel Squadron. 

Among internal bell communications may also be mentioned alarms connected 
with thermometers for calling attention to the attainment of certain temperatures in 
magazines, c^oal bunkers, etc. The arrangement is obvious. 



GUN AND TORPEDO WORK. 



Electricity is an indispensable adjunct to the armament of a man-of-war, being 
invariably used for discharging torpedoes and for firing modem breech-loading guns 
of all sizes. 
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Fia. 21.— Torpedo-firing circuit. 



While all other circuits in the ships are twin wired, gun and torpedo circuits are 
now^ universally single wired. The following are the arrangements used in connec- 
tion with Els wick equipments: 



TORPEDO-FIRING CIRCUITS. 



Two batteries, one (A) of low and one (B) of high resistance, are connected with 
their positive poles toward one another as shown in fig. 21. The firing key and 
detecter are fitted in the conning tower, from which the discharge of the torpedo is 
controlled. The toq>ed() is plaoe<i in the tube, the sluice valve at the outer aperture 
of the tube l^eing <'losed. The valve being closeil, the firing circuit is open. The cir- 
cuit is then "prove<l" by inserting a primer in the firing breech, when current flows 
from Battery B, causing the sounder in the torjxjdo room to start buzzing, thus indi- 
cating that all is riglit. Tlie primer is then removed and the sluice valve oj>ened, 
thus making contact at F and completing the vWvmt through E, B, F, A, E, the two 
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batteries being in oppoeition. The detecter needle in the conning tower deflecto to 
the left, indicating '* valve open.'' The firing charge is inserted in the discharge 
chamber, the primer restored, and the breech locked. Current from Battery A 
through the high-resistance detecter then flows in unison with that from Battery B in 
the circuit E, A, F, P, E, reversing the deflection of the detecter and indicating 
"ready." The oflicer in the conning tower at the proper moment depresses his fir- 
ing key, the two batteries send their full volume of current through the firing circuit 
in parallel, the fuse is ignited, and the torpedo discharged. 

OUN-nRINO CIKCUIT8. 

These a few years ago involved a formidable amount of wiring, as the circuits from 
all the barbette and casemate guns were looped into the conning tower, where the 
firing keys were situated. The practice now is to fire all guns on short local circuits, 
the batteries, switches, keys, etc., being carried on the gun mountings. Fig. 22 
shows the connections for a pair of Armstrong barbette guns. Following out the 
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Fio. 2S2.— Gun-firing circuit 

main (full line) circuit, it will be seen that if switches Sj, S^ are closed and Ss open, 
the left-hand pistol will fire the left gun and the right-hand pistol the right gini. If 
switch Si is open and S^, S, closed, the left pistol fires the right gun ; while if S55 is 
open and S^, 85 closed, the right pistol fires the left gun. Finally, if all the switches 
are closed, both guns can be fired simultaneously from either side. An auxiliary 
circuit, shown in dotted lines, is fitted up as a stand-by to the main firing circuit. 
The latter is completed only when the gun is ** right out;" the auxiliary circuit can 
fire with the gun in any position. The use of the sounders will be evident, as they 
buzz all the time the circuit is made. Whereas the firing pistols are usually fixed at 
the firing platform, the McEvoy keys, connected by flexible connections, enable the 
gunner to fire from any position. 



(1) Bnglne-nHtH letegmphi anil htlm inditalart. 

Aq electric Hysteni of eii^a«-roi>tii reply telegraphs, worked out by Messrs. mch- 
ar<l8 & KverHhe<1, wtm (Med in H. M. S. Htjuv and Nardiiru, in 1893, to H. M. & 
Hoijnl Suvrreiffn in 1890, and 8inL-e then in other British war vessels. 

Tfaeindieating instruments have theappearance common to mechitnicai telegraphB, 
the dials l^eing marked to show the usual direction orders "Stop," "Slow," "Half" 
and "Full," "Aheaii" or "Astern." Therevolutionof theindicatiag handiaefiected 
by the combined operation of two electro-magnets (see Gg. 26) placed at right angles 
to one another and produdng between them a cross magnetic field, within which 
lies a magnet with which the indicating needle i8geare<1. The position of the needle 
depends solely on the relative strength of these two field components, and this 
depends on the ratio of the current in the two coils. This ratjo is controlled by the 
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"transmitter," which consists of a multiple contact switch, through which the 
ordinary 80-volt electric- light circuit is connected to a pair of ratio anna included iu 
the same circuit as the cuils of the indicator; the muvenient of the transmitter 
switches resistance out of one arm into the other, thus altering the relative value of 
the current strength in them, and controlling the movements of the indicator. An 
imiKirtant detail is that the action does not depend on the absolute value of the 
currents in the indicator coils, but only upon their relative value, so that a cooetaot 
voltage is unnecctMary. 

A similar indicating instrument, graduate<l in degrees, is used for showing, at the 
several navigating stations, the angle made by the rudder, the transmitter switch in 
this case being automatically worked from the rudder crosshead (fig. 27). By means 
of switches these telegraphs can be arranged lo nignal from any of aevenil working 
positions, bridges, and conning tower— to wit, transmitters send orders from any of 
u receiving instrument iu the sl««rage flat. 
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(2) Engine-room indUxdoTB. 

A system for showing simultaneously in the bridge i)osition8, conning towers, and 
other navigating stations, the revolutions of eat^h set of engines, and for indicating in 
each engine room the revolutions made not only by the set of engines in that room, 
but also by the set in the other room, is of great value. Such a system has l)een 
worked out by Signor P. Molinari, and has been adopted throughout the Italian 
navy and is also used on war ships of other countries. The indicating instruments 
(fig. 28) are direct reading in revolutions per minute. They are clockwork instru- 
ments, kept in synchronism by a standard clock. This standard clock has a com- 
mutator within it which sends current for twenty seconds into the coils of an electro- 
magnet in the indicating instruments, then breaks it for four seconds, reestablishes it 
for another twenty seconds, and so on. While this current is on, the electro-magnet 
holds a detent which allows an escapement motion to drive the indicating hand over 
the dial. Correcting currents, sent by a revolving contact maker driven by a friction 
wheel from the propeller shaft of the engine at the rate of three per revolution, are 
received in separate electro-magnet coils in the instrument, and while the main cur- 
rent, controlled by the standard clock, is disturl)ed for the four-second interval men- 
tioned, the correcting currents drive the indicating needle forward or pull it backward 
according as the average rate of revolution of the engines has been less or greater 
than that shown at the moment on the dial of the instrument. A galvanometer 
telltale, for indicating "ahead" or ** astern," is fixe<l in the bottom of the indicator 
case and receives current, from what is called by the inventor an "alternator," 
driven from the shaft in one direction or the other a(!Cording as the ship is going 
ahead or astern. When no current i^asses at all the needle takes the mid position 
and indicates "stop." 

Part II.— MACHINERY AND POWER DISTRIBUTION. 

The machinery of a modem ship of war consists of — 

(a) Main jyropeUing machinery ^ consisting of high-speed steam engines and high- 
pressure boilers. From the figures given by Sir William White, at the 1899 meeting 
of the British association at Dover, as to the output and efficiency of this class of 
machinery for a given weight, and from calculations made by Mr. Alexander Siemens 
as to the weight of accumulators required to perfonn the same work, there is no 
difficulty in concluding that electricity will have no place for many a long day in the 
propulsion of large ships. 

(6) Auxiliary machinery. — This general title covers a variety of machines, whose 
functions fall into three principal classes. 

(1) Those which cooperate with the main engines and boilers in the propulsion of 
the ship; e. g., boiler feed pumps, air and circulating pumps for condensers, fans for 
producing pressure in the stokeholds or furnace-blowing engines for working at 
" forced draft," steering engines, capstans for raising anchors, etc. 

(2) Functions relating to the operation of the ship as a fighting machine; e. g., 
engines for moving turrets and for elevating and loading guns, hoists for raising am- 
munition, compressors for the supply of air under pressure to torpedoes, etc. 

(3) Domestic functions; e.g., dynamos for lighting and fans for ventilating the 
ship, refrigerating plants for preserving food, pumping service for fire, bilge drainage, 
supplying fresh water and the like, hoisting machinery for lowering and picking up 
boats, ete. 

In all, a first-class battleship carries nearly 100 sets of machinery, and a first-class 
cruiser 50 to 70 sets. Until a few years ago the whole of these auxiliaries were steam 
driven, with the exc-eption of the gun-working macthines, for which hydraulic power 
has long been preferred. By degrees electric driving has Ixjen applied to one and 
another, the most " advanced " examples being the United States battleship KearmrgCy 
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just competed, which carries 55 motors and a generating plant of 350-kilowatt capac- 
ity. More has l^een written and said, both in £uro{)e and America, within the last two 
or ttiree years on this section of the subject than perhaps on any other, some persona 
romidly asserting that the time has come for driving all auxiliaries by electricity, 
while others are skeptical as to the desirability of employing electricity at all except 
for lighting and bells. Between these two extreme views opinions exist of every 
mtermediate grade. 

Electricity as a motive power is now so commonly used on land that the charge 
against naval administrations in general, and the British Admiralty in particular, 
that they do not sufficiently avail themselves of this new mode of transmitting 
energy is re|)eated with monotonous regularity by writers on the subject It must, 
however, be remembered that it takes about three years to build and equip a large 
warship; if any novelty has been introduced in the design of the ship, it is not unrea- 
sonable to allow a year for trial of the novelty at sea, whence it follows that the 
experience available to naval designers to-day is that of the methods of four years ago. 
Now, in electrical development four years is a long time, and thus it is evident that, 
judged by the standards of present-day land practice, naval designers would appear 
to l)e several years more backward than they really are. 

The conditions under which auxiliary machinery works on board a war ship are 
of a very special kind, requiring motors of special design to meet them successfully. 
Thus, a glance at diagram No. 29 shows that auxiliary machines are located all over 
the ship. Boat hoists and ash hoists are located on the upper and boat decks, exposed 
to all conditions of sea and weather. Motors in barbettes and turrets, fans in venti- 
lating trunks, and (sometimes) capstan engines are liable to be drenched with water 
by seas shipped, or at least to suffer from the effects of spray; the machines on the 
up|)er decks get covered with grit when coaling, while machines working in 
machinery compartments l)elow decks have to endure high temperatures for 
prolonge<l periods. All, wherever situated, have to be able to withstand rough 
usage, and are liable to >)e left idle for long periods when the ship is out of commis- 
sion. The mention of these difficulties suggests that, with very few exceptions, 
electric motors use<^l on board ship should l)e of inclosed water-tight and dust-tight 
tyjw, of extra strong mechanical construction to stand overloading, an<l arranged 
with long l)earingH and gotnl automatic lubrication, so as to run for long periods with 
no attention at all; they should also be designed to work sparklessly with constant 
lead for all loads, so that the brushes are fixed; bnd, moreover, the brush gear must 
be so designed that the brushes do not jump off the commutator if the machine is 
exposed to external vibration; the motors should run for normal periods with 
moderate temperate rise (the rise permissible depends on what is called tlie 
"normal period" of nmning, and will be different in such cases, for example, as 
electric ventilating fans, which ought to be able to nm for two or three weeks on 
end, and capstan niot(jrs or boat-hoist motors, which in normal circumstances would 
work less than an hour at a time). The switch gear should be of massive construc- 
tion, and should l)e an engineering apparatus, as substantial as a stop valve or a 
starting lever. 

It cAii not be said that all these requirements could have l)een met by the general 
run of electric motors produce<l four or five years ago, but Uiey can all be met to-day. 
Cases, unfortunately, have occurred in which motors fulfilling none of the above 
conditions have been put on boani ship. The cheap stock motor, suitable only for 
dry situations on land with good foundations, and requiring careful attention, has 
been installed and sent to sea. When, as is inevitable, such motors fail, the report 
sent in is leas likely to be to the effect that "this particular motor is unsuitable " as 
that ** electricity is not adapted to this class of work." 

The modern traction type of motor best i^ieets, on the whole, the requirements 
laid down as necessary fur ship work, and the conditions under which it actually 
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works on land are as bad, if not worse; yet the aocnraulating experience of the 
world that such motors will endure the very roughest usage, makes it unnecessary to 
argue further that inclosed motors can be built, of moderate weight and cost in rela- 
tion to output, that will leave nothing to be desired on the ground of reliability. 

Reliability being the first consideration, the next in importance is simplicity in 
operation, combined with ease of inspection and repair. An electromotor is a 
simpler machine to operate than a steam or hydraulic engine. It has fewer working 
parte requiring attention. Indeed, if only attention is given to supplying the bear- 
ings with oil and to cleaning the comnmtators periodically, there is nothing else for 
an attendant to do. Also a motor is cleaner in operation; it is not necessary to drain 
out a pipe full of water l)efore it will start, and not only is the mess due to the 
absence of drainage water saved, but there is the advantage that the motor can be 
started instantly. 

Cables for motors may, in like manner, be held to l)e a simpler means of trans- 
mission than steam or hydraulic pipes; they are more easily led about, weigh less, 
and take up less room than pipes capable of conveying an equivalent power, and they 
interfere less with the structure and disposition of si>a(xj in the ship. It has been 
objected against them that faults in cables are not so easily found as in the case 
of steam pipes, but if the cables are originally water-tight and are led about the ship 
from point-to-point junction or fuse boxes, it is not difficailt t-o isolate the sections 
one at a time and locate the fault rapidly. If a fault exists, when it is found it can 
l)e repaired much more exi)editiously than a leaky joint or other fault in pipes can 
l>e, especially steam pipes, which have to Ikj allowed a long time to get cool before 
they can be handled. Further, if it is not convenient to repair a cable fault inmie- 
diately, a temporary length of cable, not necessarily of the same size, c^n be run in 
and the faulty section disconnected; this can not be done with pi|)e systems of 
distribution. 

American writers point out two other disadvantages attending the use of steam-pipe 
systems of distribution — (a) that the steam pipes heat the living spaces to an uncom- 
fortable extent; (6) that pipes exposed to the effects of shot and shell are likely to 
Ije injured in action, and to lead to the demoralization of the guns' crews. Neither 
of these considerations apply to modern British shi{)s. Steam pi|)es do not pass 
through living quarters. Pipes to the steering and capstan engines pass through cer- 
tain storerooms below the protective deck, but these are so chosen that the heat is 
unobjectionable. As regards the pipes to the deck hoists, which are exposed, they 
are usually led up the stokehold fidleys amidships, and are provided with valves 
below by which they can be shut off from the steam main in time of action. 

EFFICIENCY. 

The mechanical eflSciency of an electric motor is, as a rule, a few per cent higher 
than that of a steam engine of corresponding power. The efficiency of the system as 
a whole involves the consideration of the generating and distributing arrangements, 
and here electricity has a marked advantage over either steam, compressed air, or 
hydraulics, the power taken being strictly proportional to load and the overhead 
efficiency from I. II. P. of generators to B. 11. P. on motor shafts averaging about 
65 per cent at full load. 

Efficiency, however, can not be considered alone. The naval architect wants the 
relative advantages of competing systems expressed in terms of weight and space. 
In a given ship of war the correct adjustment of weights and dimensions is correlated 
with the maximum offensive and defensive qualities involved in armor and arma- 
ment, speed and coal endurance. Hence, unscientific as it may appear in itself, an 
electric power distribution system of high mechanical efficiency may be a positive 
disadvantage to a war ship if the weights involved conduce to an unfavorable design 
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in the offensive and defensive qualities of the ship. Whether the change from steam 
to electric driving of auxiliaries involves the sacrifice of greater weight than is com- 
pensated for by the advantages gained is precisely the question on which authori- 
ties differ — the differences being chiefly due to the use of general terms for the sake 
of the argument instead of precise calculation. 

The main sources of loss in operating steam-driven auxiliaries are three : (a) The 
use of too great a range of temperature and pressure in the cylinders; (6) leakages 
past pistons and valves due to wear; (c) steam-pipe condensation. 

The questions next arising are: To what purposes is it practicable, having reganl 
to all considerations, to adapt electric driving; what would be the changes in weight, 
space, etc., involved, and what should be the arrangement of the installation for 
supplying the power? 

There is a broad difference at once to be recognized between machines directly 
cooperating with the main propelling machinery and those performing other datiesL 
On the whole, present engineering opinion is, from considerations of reliability, 
decidedly in favor of continued steam driving for boiler feed pumps, circulating and 
hot well pumps, fire and bilge and distiller pumps. It happens that these pumps 
are the worst steam eaters in the ship. In the Minneapolis^ for example, the con- 
sumption ranged from 75.74 i)ounds in a circulating pump doing 4.1 I. H. P., one 
cylinder alone taking steam, to 318.68 pounds for a small pump developing 0.78 
H. P., which was iiwxl for flushing purposes, the average for the twelve pump tests 
included in Mr. White's tables being 161.61 pounds per I. H. P. hour. Experience 
with electric auxiliaries in other situations may eventually lead to the use of electric- 
ity for these services; but this contingency may Ix? left out of account for the present 

Starting and turning engines may be regarded as parts of the main engines them- 
st^ves, and of course will be driven by the same power. 

The only auxiliary services within the engine and boiler rooms for which the use 
of electricity may be considered at present are ventilation and furnace blowing. 

FANS FOR ENGINE AND BOILER ROOM VENTILATION. 

In the Canoptut class of battleships each engine room is ventilated by a 7 foot 6 inch 
fan driven l)y a direct-at^ting steam engine, while the lx)iler rooms are supplied with 
air from four 8-foot fans at 240 revolutions, and two 6-foot fans at 320 revolutions per 
minute. The.^* reprc^sent in the aggregate about 150 I. H. P., with a weight of 
between 3 and 4 tons. The Ihuicam will carry two engine-room fans, each 6 feet 
6 inches in diameter, with two 8 foot 3 inch and eight 6 foot 6 inch fans in lx»iler 
rooms, the speed }x?ing about 300 revolutions. Fan driving, being a purely rotary 
movement, is a duty which electric motors have shown themselves excellently able 
to perfonn. They can run at at least twice the speed of reciprocating engines for 
the same j)ower without noise or vibration, and can give the required deliveries 
with smaller fans, with higher efficiencies in both motors and fans, and therefore 
with less total power. It would i)robably be reasonable to take the total power of 
motors to perform the engine and boiler room ventilation of the most powerful ships 
at about 80 B. H. P. on tlie fan shaft, say 100 E. H. P. input, which could be provided 
in inclosed type motors built for continuous work at 750 revolutions per minute for 
about 3 tons, or, allowing for the weight of the fans, an increase of not more than 
1 ton on the above total weight. 

FURNACE AIR-BLOWINO ENGINES. 

These are high-pressure air pumps adapted for delivering air at 15 to 30 pounds 
pressure above the fires and into the combustion chambers of the boilers. A set of 
five such engines in the Shikishima weigh 5 tons 2 cwt., and develop an aggregate of 
220 I. II. P. Pumping services of this kind are very efi&ciently performed electric- 
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ally, but the subetitiition of geared motors for engines would result in this case in an 
increase of the total weight probably to the extent of about 3 tons for 200 E. H. P. 
Furnace air engines are generally pimped in the boiler rooms, but if electrical they 
could more conveniently be placed outside or above the boiler rooms, air pipes only 
being led into the firing compartments. 

Considering next the auxiliary machinery outside the engine and boiler room* we 
find these include steering engines, cai)stan engines, boat, coal, and ash hoists, venti- 
lating fans, air compressors, refrigerators, workshop engine, turret-working machin- 
ery, and ammunition hoists. 

OTEERINO ENGINES. 

It is convenient to consider these machines in this section, as they are usually 
placed in the after steerage flat adjacent to the tiller com|)artment. In some of the 
latest British ships they are plac^ed in the engine rooms and connect-ed by long lines 
of shafting to the tiller mechanism. This arrangement saves carrying steam pipes 
aft but seems to have nothing else to recommend it. 

Next to the main engines these are the most important in the ship, and l)efore 
every question of weight or efficiency the most reliable machine must l)e used here. 
Electric steering engines have, the author understands, been made, and there seems 
no reason, as far as the motors are concerned, why equally positive results should 
not be obtained with these and with steam engines. Tlie controlling of their motion 
is the principal difficulty. The motors would l)e everlastingly starting, stopping, 
reversing, and altering speed; or, if the motors ran continuously, then such move- 
ments would be always being made by the gears and clutches. And whereas the 
steering engine is deep down in the ship the control has to be operated from distant 
stations, of which there are usually five, interconnecte<i, the forward bridge and 
conning tower being the most important and the most generally used. Simple rheo- 
static control from a distance is not good enough; to secure the net^essary sensitive- 
ness a large number of switch contacts and connections would l)e necessary, and an 
extensive system of cables interconnecting all the steering stations is inadmissible. 
A maker of steering engines once told the author he had invented an electric 
steering engine which he was sure met every requirement, but it required 79 
wires. The reply was, of course, that 79 wires would kill any such project. 
Recourse must l^e had either to a pilot motor, worke<l by a small switch and two 
or three wires, operating in its turn the controller of the steering motor proper 
(indeed, it would probably be possible to employ the hydraulic telemotor, now so 
lai^ly used, for working electric controlling switches alongside the steering motors, 
in similar fashion to that in which it reverses the valves of the steam steering engine), 
or to the interaction of two machines, as in the Ward Leonard system of controlling 
turrets. If the difficulty of control be satisfactorily overcome, the gain in efficiency 
of electric steering mechanism ought to he very sul)stantial, owing to ita long periods 
of work. From its irregularity of working it is impossible to define the average 
H. P. of a steering engine. The motor to replace it must l:>e a substantial affair, 
heavily geared, the torque required on the rudderpost of a big battleship l)eing as 
much as 500 ton-feet. To move the rudder from hard-a-port to hard-a-starboard in 
thirty seconds, which is the usual requirement, a steering engine will make about 
300 revolutions, and working at this maximum rate the I. H. P. will lie between 300 
and 400, and the useful work done on the rudderpost will be at the rate of about 75 
H. P. net, an overall efficiency of 20 to 25 per cent. Each steering engine with its 
gear weighs 51 to 6 tons; two sets are carried. If each steering engine were replaced 
by one motor capable of exerting the same starting torque, the full load rating of 
each motor on continuous work might be taken at 150 II. P., though the starting 
current allowed would correspond to twice this power. With electric driving, an 
improvement in efficiency might 1x3 expected. The extra weight involved, using 
open-type machines, would be about 2 tons per set 



The principal rap«tan ix, of course, the forward one, which has to operate the 

heavitwtaiU'hcirK. B(t<i(leH'ith«rKtipulatious, itsenginex (usually duplex) arere^uirvd 
by cmr admiralty In lift a weight of 35 tons at the rate of 25 feet per minute = 60 
actual HP. The luaximiuii I.H.P. may be taken at 200, and the weight of the com- 
plete capstan with engines and gearo ie about 47 Ions. If electric motors were sub- 
8titute<l for the Bt«ain engines with the sanie geara this weight would be Increased by 
about 2 tone) hut with l)etter designed wunn gears the work could be done electric- 
ally on the same total weighL The after capstan performs similar hut lighter work, 
lifting 15 tons at 25 feet i>erminutc= 25 actual H.P., say 75 I.H.P. 

In our latest shipii, while the forward capstan is still steam -operated, the aft«r cap- 
stan is specified tji be driven by two reversible wat«r-tight motors, performing the 
above-Hi)ecified work at speeds not exceeding 750 revolutions per minute, and so 
designed that the rise in temperature after one hour's runat tuil load does not exceed 
80° F, This change involves an increase of total weight in capstan, motors, and gear 
of from 1 to 2 tons. 

In lieu of two niolora the admiralty have accepted for the £>unmTM and other ships 
an electric capstan driven by one 50 II. P. motor at 350 revolutions per minute, the 



Fiii. 31,— Electric dpck-vrtnch, V. S. S. Kmriagc and A'trrfHfjT/ (Genersi Klectric Co.). 

weight of the i.'oinpletc capstan, motor, and gear Ix'ing approximately tl)e same as that 
of the steam after capstan of H. M. 8. .llhhri. 

Pig. 30 shows the general arrangement of the elw^tric capstan of il.M.S.Irrftatidk, 
by Mewirs. Clarke, Chapman rJc Co, 

It will mpiire a somewhat protracteil experience to determine whether, on the 
whole, the use of electric motors for cajislans proves advantageous. To Ix! quite safe, 
mot<jn< should I)e used with a large mar^ii of power, notwithstanding the increase of 
weight involved, for the stresses involved in such work are apt to rise with great 
suddenness to many times their average value, and capstan ciiaina have a habit of 
jamming in the stopij. Jf steam driven, the engine will pull up, and is able tii stand 
under the load ; a motor can not do this, yet it can neither be allowed to bum up nor 
to relinquish its work by putting itself permanently out of circuit. Special device* 
are necessary to meet such a condition, Mr. Siemens dealt somewhat fully with this 
matter at Dover; hj it is unnecessary to dwell further upon it here. 

Neither in this case nor in that of the steering engines do there appear to be dilB- 
cu1ti<.-H iucaiMible of satisfactory solution electrically, and in these cases the longest 
steam pipes in the ship are concerned. 
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BOAT'HOISTINO SNOINES. 



A British battleship carries two sets, one on either side, of such power that each set 
can Hit, by means of tackle, a boat weighing 18 tons at not less than 20 feet per minute. 
This is a favorable case for electric driving, and in the latest British ships electric 
motors are specified for the work. The actual net H. P. for the lift is approximately 
24, and as the motors have to drive through a worm gear and a wire-rope tackle, the 
maximum input may be taken at about 50 E. H. P. The motors are specified to run 
at not more than 750 revolutions per minute, to be water-tight, and to be fitted with 
reversing switches and automatic brakes. The rating of the motors is determined by 
the temperature limit of 80° F. rise after one hour's run at full load, which enables 
the weight of the total equipment to be about the same as that of the steam hoist. 

An electric compound deck-winch, as fitted in the U. S. battleships Kearmrge and 
Kentucky, is illustrated in fig. 31. 



GOAL HOISTS. 



These machines (of which two sets are carried) are of the same class as the boat 
hoists, but work at a quicker rate. The latest British specifications define their work 
to be the lifting of 1 ton at 250 feet per minute, but on test they have to lift 1} tons 
at this rate. On the test load they have to exert 25 actual H. P., and though the 
efficiency may be a little higher in this case than in that of the boat hoists the total 
input will be 40 to 50 E. H. P. The motors therefore may weU be of the same size; 
they are governed by the same specification as to temperature limit, control, etc. 
The weight of the motors and gears will probably be a few hundredweights more than 
that of corre8X)onding steam hoists. 



ASH HOISTS. 



One of these is usually fitted to each boiler room; the Albion carries five. Their 
work is not definitely specified, but may be described as lifting with wire-rope tackle 
a bucket of ash, weighing when full about 1} cwt., at from 200 to 250 feet per 
minute = lj actual H. P., the maximum I. H. P. of the steam engines being about 5 
on a weight of 14 cwt. Being placed on the boat deck, machines of this class may 
well be electric, and as the motors will run at higher speed than steam engines no 
increase of weight need be involved. 

VENTILATING FANS. 

are employed for ventilating all compartments below the protective deck and some 
of the compartments above that deck, such as mess and living spaces. The general 
practice up to 1898 was to provide six 5 ft. 6 in. double-breasted steam fans on lower 
deck, three at each end of ship, driven at a maximum speed of about 400 revolutions 
per minute, and connected together to main ventilating trunks, besides an auxiliary 
system of ventilation with one 4 ft. 6 in. fan at each end of the ship. The electric 
driving of ventilating fans is now common in most navies. Fig. 32 shows a Sturte- 
vant fan with open-type motor as used in the United States Navy. 

In a few recent ships electric fans of from 3 to 4 feet diameter have been fitted, 
taking about 7 H. P. at 600 to 700 revolutions jx^r minute, the same number (8) 
being employed and connected to the same system of trunks as designe<l for steam 
fans. Figs. 33, 34, and 35 show a 3 ft. 9 in. electric fan of this sort, designed by the 
author and fitted in the I. J. B. Shikishima. These fans have been adjusted to deliver 
7,500 cubic feet of air per minute, each at 2 inches pressure at 480 revolutions per 
minute, at which output they consume 5 E. H. P. apiece, but their speed and output 
can be increased if desired. 

Experience has shown that the matter of ventilation has been somewhat overdone 
in recent years, such powerful fans being seldom worked at their full sj[)eeds and 



278 



powenB. Accordingly, in the latest British ships, i. e., all designed since 1898, a 
larger number of fiinaller fans with shorter and simpler trunks are employed. The 
Duncans, for example, will each carry 14 fans not exceeding 24 inches in diameter, 
with motors of about 2 B. U. P., delivering 1,500 cubic feet of air per minute at 2 
inches pressure. 




Fio. 32.— Sturtcvant blower, with General Electric Company's motor. 

AIR COM PRESSORS FOR TORPEDO WORK. 

A modem first-class battleship carries usually four seta, each capable of delivering 
30 feet of air compressed to 1,700 lbs. jHjr 8<iuaro inch in 70 minutes. This involves 
an average B. II. P. of about 50 to 60 \)gt set of pumps on a little less than 3 tons 
weight. Electric compressors would involve quite a different design, but would 
result in much quieter and smoother working. The weight would remain approxi- 
mately the same. 

WORKSHOP ENQINR. 

This is a small engine of about 5 H. P., driving one or two short lines of shafting 
actuating half a dozen machine tools in the engineers' workshop. It is an obvious 
case in which electric driving is handier than anything else. 

GUN-WOEKINQ MECHANISM. 

A modern battleship, mounting two jiairs of large guns en barbette, carries quite 
a nest of machinery for working the gmis. There are engines for training the turret, 
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independent engines for each gun for elevating and depressing and for running in 
and out, rammers for loading, hoists for bringing up powder and shell from the 
magazines below, besides lifting and traversing gear for transporting shot and shell 
from the bins in the shell rooms to the handing-up cage. Some of the machines are 
duplicated and some triplicated, and there are always in conjunction hand gears for 
continuing the work if the mechanism fails. ^ In a ship carrying hydraulic mount- 
ings the power is supplied by a steam-hydraulic pumping engine of about 250 1. H. P., 
situated below and adjacent to the barbette. A pump in the barbette itself is used 
for circulating the water in the pipes under pressure for use over and over again if 
the pumping engine below is out of use. The hydraulic supply to each barbette is 
interconnected with that to the other, pipes running fore and aft along the ammuni- 
tion passages below the water line. 

Hydraulic power has been almost universally used in our navy for the last twenty 
years. Steam is used a good deal in the United States Navy, possibly because their 
ships have to operate in latitudes where extremes of temperature are common, and 
where, therefore, hydraulic appliances are liable to be disabled by freezing. But 
steam has great disd vantages for the purpose. The working being intermittent, 
there is great difficulty in starting ow^ing to condensation, and there is further the 
serious liability to injury to the steam pipes in action, with possibly disastrous 
results to the gunners. 

Electricity has come to the front in recent years as a rival to the older hydraulic 
system. By the English Admiralty it has scarcely been used at all. In the Majestic 
class of battleships electric motors have been put in as an auxiliary for training the 
turrets, but these are smaU-powered machines intended only as a help to the hand 
gear, the primary installation being hydraulic. A beginning was also made in 
cruisers by applying electro-motors to the 9.2-inch guns of H. M. S. Terrible. In the 
Japanese battleships fitted with Elswick armament an auxiliary electric training gear 
is carried, but the motor is about 15 H. P. capacity, and is able to train the turret at 
the rate of about 2° per second. The pump referred to above is also electrically 
driven. 

In the United States Navy electricity has been more largely used, and, as compared 
with steam, earned in the late war good reports in resj^ect of quickness of action and 
precision of control. The Brooklyn had two turrets trained by steam and two by elec- 
tricity, which favored a direct comparison. The electric turrets are said to have been 
started and stopped thirty-seven times in a minute and to have been capable of very 
small motions at a time. The success of the electric motors in the first shij^ led to their 
extended use in later ships, and in the Kearmrge and Kentucky not merely are the 
turrets trained, but the guns are elevated and the ammunition hoists and rammers 
worked by electric motors. At the present time there seems to be a revulsi on of feeling 
against electric installations. Lieutenant Norton (speaking apparently on behalf of 
the American constructors) said' that in the new large triple-screw ships being 
designed for the United States Navy it has been decided not to use electrical power 
in the turrets except for the hoist, for the reason that " you can tell what is the mat- 
ter with a steam or hydraulic engine instantly; but you may chase for hours to find 
a broken circuit, and by that time the action is over and you are out of the deal." 
To understand this remark the difference in the character of American and English 
installations must be borne in mind. 

For controlling turrets the Americans use an ingenious method devised by Mr. 
Ward Leonard, which may be fittingly mentioned here. In the turret is a motor 

1 Ulnfltrated descriptions of the turrets and gun mountings of several British and foreign ships are 
given In a paper entitled "The rise and progress of rifled naval artillery," by Sir Andrew Noble 
K. C. B., F. R. S. {Proc, Inst. Naval Architects, 1899. ) 

'Discussion on Admiral Melville's paper, "The logical arrangement of the motive jwwerof war- 
Bhipe," Inst. N. A., March, 1899. 
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(or a ])air of motors in parallel) separately excited at constant vol ta^. Its armature 
is directly conne<*te<l with that of a generator in the dynamo room, which is steam 
driven at (constant siKjed in a field of which the excitation can be varied from maxi- 
mum to zero, reversed and increased to a negative maximimn. The voltajje of the 
generator accordingly varies as its field varies, and the motor armature receiving 
this varying voltage while it^j field remains constant, its speed will vary in a corre- 
sponding manner. The regulation of the generator field is effected from a controller 
under the sighting hood in the turret. The control is said to be extremely sensitive 
and j)recise. lU'tardation is effected with smoothness and rapidity by dropping the 
excitation of the generator to a point which gives a voltage below that correspond- 
ing to the speed at which the motor is at the instant moving; the latter immediately 
begins to generate current, and therefore quickly absorbs the kinetic enei^^ of the tur- 
ret. In the latest ships the current so generated is taken up on a braking resistance. 

Most nations are now employing electricity to greater or less extent in turreta. 
Even Sweden is building cruisers in w^hich the working of the turrets and guns is 
entirely electric. Among the l)e8t examples of electric turrets are those designed by 
M. Canet,* and built in France for many governments. The essential feature of 
M. Canet*8 design is that the turret is, as a whole, primarily designed for electric 
working. lie arranges that the center of gravity of the moving mass should as 
nearly as ]K)SHible lie in the axis of rotation. This insures moving with minimum 
power. In the Chilean Cajntan I^xU, for example, a 9-inch turret, weighing 87 tons 
complete, was rotated by a 15-H. P. motor at two-thirds jjower and could be turneti 
by four men through 270 degrees in one hundred and seven seconds. It could be 
move<l through one-fifteenth of a degree at a time. 

If electric power is to rtmder its best services in connection with ordnance work, 
it seems pretty clear that the turret must l)e designed throughout for electric work- 
ing. To tack electric motors on to an unbalanced turret designed for hydraulic 
working is not the way to success. If the turret l)e fairly balanced, a great saving 
in ix)wer, weight, and complexity might Ik; efft»cted by employing electrical gears. 
Of course, a large margin of ix)wer and strength are needed to insure the successful 
operation of the turr(»t when the ship takes a list in a rough sea or while turning, 
but allowing for this, it would seem that the aggregate jwwer, if everything were elec- 
trical, might l)eof theorder of 100 B. H. P. normal to 150 B. II. P. maximum under worst 
conditions. Allowing 250 B. II. P. maximmn in motor capacity to provide for dupli- 
cation where jMKSsible, the motors, with their gears, switches, and connections would 
certainly show a saving of 5 to 10 tons per turret on the aggr^ate weights of tlie 
hydraulic cylinders and gears, while the weight of the main hydraulic engines and 
transmission pipes (about 25 tons) would l)e a set-off against the weight of the elec- 
tric generators. 

ELKCTRIC AMMUNITION HOI8T8 

for serving the 6-inch and smaller guns are in use in many navies. The Powerful 
and Diadem classes of cruisers were fitted with them, but the later English ships are 
fitted only with han<l gears. In the ITnittnl States and Japanese ships they are 
usually found. The apparatus consists of a quick-running motor of 2 to 5 H. P. 
geared in some way to a light whip or chain tackle for lifting small jmrceLs of shot 
and shell at high sjK^ed. The motors must l>e so controlItHl that they start, stop, and 
reverse very quickly, with automatic brakes to hold them as soon as the current is 
switched off, or else the motions nmst l)e effecte<l by cluti^h gears thrown in and 
out of connection with a continuously running motor. The latter arrangement is 
used by Messrs. Armstrong with friction gt^ars. Fig. 36 shows the arrangement in 
plan. The motor shaft being in rotation, a vertical lever acting at O along the axis 
of the shaft puts either of the speed cones A or B into gt»ar with C, thus driving 

^ See detailed descriptions in Kugiim rituj, voIh. r)9 and 60, 169B. 
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sprocket wheel Wl, over which an endless chain runs, passing also over a fixed 
sheave at the top of the hoist. The cones A and B being out of gear, and therefore 
running free, the cartridges or projectiles in a bag are hooked on to the chain at the 
bottom, the friction gear brought into action, and the ammunition rapidly hoisted. 
Then, while this bag is being unhooked at the top, another round is being hooked 
on the other side of the chain at the bottom, the cone gears are reversed, and the 
second charge hoisted, and so on. There is an automatic arrangement for throwing 
the cones out of gear at the right time for each lift; there is an alternative hand gear 
working through the sprocket wheel W2 with arrangements for preventing both the 
hand and power gears being in operation at once, and other details not shown in the 
sketch. 

Summing up the power requirements enumerated in the foregoing paragraphs we 
getr- 



Ship ventilating fans 

Engine and boiler room lans 

Furnace air-blowing engines 

Steering engines 

Forward capstan 

After capstan 

Boat hoists 

Coal hoists 

Ash hoists 

Workshop engine 

Air compressors '. 

Turret motors 

Ammunition hoists for 6-inch and smaller guns 

Total 



Total motor 

capacity 

installed, 

including 

duplicates. 


Maximum 
demand for 

power, 
duplicates 
excluded. 


K.H.P. 


E. H. P. 


40 


40 


100 


100 


200 


200 


400 


200 


120 


120 


50 


50 


100 


100 


100 


100 


20 


20 


5 


6 


200 


100 


500 


300 


50 


50 



1,885 



1,386 



If these figures err, they err on the lai^e side. In working out details, savings, 
both in power and weight, could probably be effected. 

There are no conceivable circumstances in which the whole of these machines 
could work simultaneously. The worst conceivable case supposes that in time of 
action all the gun-working machinery, air compressors, furnace engines, aah hoiHts, 
ventilating fans, and steering engine would be at work together. 

Then the aggregate horsepower demanded would be, according to the above fig- 
ures, 1,015 E. H. P. input to motors = 760 kilowatts. The lighting of the ship 
would involve 50 kilowatts, and the searchlights — if it be conceivable that all this 
mechanism could be employed at night when searchlights were wanted — a further 
60 or 60 kilowatts. But, taking into account the fluctuating demands of (nirrent 
made by the motors, and the fact that it is hardly physically possible for everything 
to be working at the top of its load at precisely the same instant, about 600 kilowatts 
output would meet all requirements and cover distributing loRses, while 800 to 850 
kilowatts installed in the ship would leave an ample margin of spare })lant in all 
ordinary circumstances. 

Now this is an equipment not at all unlikely to be called for in the future. It 
will not come all at once, but it may come sooner than many would allow. What 
should be the arrangement of plant and system to successfully (;ope with it? 

It seems clear that an installation of 800 kilowatts is not to l)e provided by the 
multiplication of 50-kilowatt seta. Yet it will always be desirable for battleships to 
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carry a few sets of 50-kilowatt size — (a) for lighting and ventilation when nothing 
else is doing; (6) for working searchlights; (c) for regulation of turret and steering 
motors, should that method not he superseded hy something better. But after 200 
or 300 kilowatts are reached, it would be wise to introduce sets of 150 or 200 kilowatts 
capacity; the latter for preference. Then for an 800-kilowatt installation we might 
well have three sets of 200 kilowatts each and four sets of 50 kilowatts, there being 
enough sets of each size to form an efficient reserve. It would be most undesirable 
to introduce a lot of intermediate sizes. 

In regard to the electrical system to be employed for distribution, two questions at 
once arise: (a) Whether continuous currents should be employed throughout, or 
whether polyphase currents should be introduced for the motors; (6) whether the 
existing standard of 80 volts should be retained. 

(a) In view of the fact that machinery on board ship gets very little attention, it 
has been urged that polyphase motors should be used on shipboard, because they do 
away at once with all commutator troubles. But it is to be urged that well-built 
modern continuous-current motors give next to no trouble at the conunutator, and 
that even the polyphase motors would require collecting rings and starting resistances. 
But the chief objections to the introduction of polyphase machines on board ship 
are the disadvantage of having two systems of distribution in the ship, and the intro- 
duction of the third cable. Possibly the relative advantages and disadvantages are 
pretty evenly balance<l. At any rate, polyphase motors have actually been introduced 
by the Austrian navy on their coast defense ships Budapest, Wien, and Monarch, the 
currents being generatetl by composite machines which give continuous currents from 
a commutator on one end and three-phase currents from collecting rings at the other 
end of the armature. 

(6) The question of the voltage standard is of greater difficulty; 800 kilowatts at 
80 volts means 10,000 amperes to distribute, which represents a very formidable 
amount of cable work. If the pressure were doubled, the currents would be at once 
reduced to 5,000 amperes and the saving in weight and cost of cables would be 
material. The United States battleships Kearsarge and Kentucky are wired on the 
three- wire system, with 160 volts between the outers. The motors are in general 
arranged on the 160-volt mains, though a connection is usually taken from the 
middle wire to provide for changes of speed by switching the motor on the low- 
voltage mains. Searchlights and incandescent lamps are arranged on either side of 
the system to make an ap))roximate balance, as is usual. The results of experience 
in those ships will Ixi watched with great interest. The author is a little diffident as 
to the introduction of a three-wire system on board ship, and would rather prefer a 
direct circuit of 160 volts for both lamps and motors. Indeed, having got so far, 
one might as well accept the 200-volt standard at Once. Searchlights in such an 
installation could be operated with very little complication through "series-parallel" 
swit(;hes, which, in the one position, would put two searchlights in series, and in the 
other position put each searchlight on separate circuit on the mains, with the addi- 
tion of a resistance capable of absorbing the remaining volts. With automatic lamps 
this should be quite feasible, and any difficulty attending the use of so lai^e a resist- 
ance as would regulate the arc down from 160 or 200 volts would probably be leas 
than the difficulty of maintaining a balance of voltage on the two sides of the three- 
wire system when the searchlights worked intermittently, if that system were used. 
Of course the use of 200 or even 160 volts generally would impose a greater strain on 
the insulation of the cables and fittings than is now experienced, and would require 
some improvements in the design of fittings established; but there are no serious 
difficulties here.* 



I Between the dates of printing and of reading the paper, the Admiralty Issued a circular to the 
effect that 100-volt dynamos would be used instead of 80 volts in future ships, beginning with some 
laid down in 1S99. 
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Instead of the Tree system of wiring as at present adopted, all the main cables 
should be run in rings round the several decks back to the switchboard; through 
connecting boxes being provided at intervals of 100 feet or so for rapid disconnection 
and testing. With such an arrangement a circuit might be injured or shot away in 
any place without affecting the main supply of current. Separate ring mains for 
lights, searchlights, and motors should, of course, be used with throw-over switches 
to connect one to the other on special occasions. It would be desirable to divide the 
main switch board into two parts in the machinery room, connected together by 
switches which would form the closing links of the ring mains, the object being to 
avoid the possibility of a total breakdown by lire at the main switch board, which 
always exists when all the cable connections go through one narrow neck. Of course 
all the casings and other woodwork now used about switchboards should be rigor- 
ously abolished. The cable distribution should be expressly taken into account and 
allowed for in the design of the ship, proper trenches or culverts being provided for 
the cables. At present no such provision is made, and it is often a matter of consid- 
erable difficulty to find suitable runs, especially where cables have to pass water- 
tight doors and the like. 

Returning now to the generators, the question arises as to the possibility of pro- 
viding the necessary weight and space; 800 kilowatts in generators of the existing 
type with double-acting engines, at speeds of about 400 revolutions per minute, 
would involve with steam and exhaust connections about 80 tons. This is the only 
increase in weight, as the motor weights balance out; the additional weights men- 
tioned in the detailed descriptions of the motors above being counterbalanced by the 
saving which would be effected in the turrets if electrical machinery were substituted 
for hydraulic for gun working. The weight of the main hydraulic equipment, 25 
tons, is a credit against the generator weights. There would indeed be a slight 
saving in the weight of distributing cables and switchboards as compared with the 
auxiliary steam and exhaust pipes now required for the services in question, but it 
would not be much. Approximately 55 tons of additional weight, then, has to be 
carried. In discussing the question of coal consumption it was shown on the figures 
there stated that the substitution of electricity for steam for all the auxiliary services 
would result in the saving of 262 tons of coal for every 25 days' steaming. This 
figure was calculated upon data assumed to represent the best possible conditions. 
Some of the engine and boiler room pumps have been assumed to remain steam 
driven, but if electric driving be applied to the services enumerated and if only one- 
half or one-third of that estimated saving were realizeci, there would still exist a 
strong prima facie case for the adoption of electrical power. 

The weight of generators might be materially diminished by the employment of 
single-acting engines driving dynamos at higher speed, and still more by the adop- 
tion of turbine-driven sets; the weight of the units mentioned could be done with 
Parsons turbo-generators, including condensers for about 60 tons. Single-acting 
engines and turbines have both been used in the Navy; unfortunately both have 
failed, and, as a consequence, both are at present looked somewhat askance at for 
the purpose. They require dry steam; hence one of the principal sources of difficulty 
in the oid arrangement, but one that should not occasion much trouble in the new. 
This consideration, coupled with the very great improvements that have been made 
in both since the days when they were used in the Navy, may bring them into serv- 
ice again. 

The space required for the generators for the power mentioned would lie between 
800 and 1,000 square feet, whichever of the three systems 1x3 adoptetl. It is not easy 
to find this room in an existing battleship; but on the hypothesis, the main hydraulic 
engines would not be wanted, and the space occupied by these two rooms would be 
available. If in consequence of savings on account of efficnency less coal were carried, 
though a saving of weight would be appreciated, little space would be added for the 
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yirpoee of generators. Possibly the change to electric driving might be carried oat 
in conjunction with some other change in the disposition of the mathiel in the ship. 
For example; there are not wanting critics who consider that it is out of place in 
these days for ships of the fighting line to carry torpedoes. Should such a view 
obtain official support, a room equivalent to one of the existing submeiiged torpedo 
rooms would make an ideal generating station. Its locality would be, for preference, 
immeiliately adjoining the forward boiler-room bulkhead, so that the steam connec- 
tions might be short and direct 



WIRELESS TELEGE^VPHY. 

Many experiments are being carried out abroad in the use of wire- 
less telegraph3^ France has fitted some of the Mediterranean squad- 
ron with outfits and trials have been carried out between the different 
ships and ])etween the ships and forts ashore. The re>sults are reported 
as being very sjitisfactory. Russia has also obtained satisfactory 
result** in her navy with the Popoff system. Wireless telegraphy has 
been used bv the British in south Africa, where by the use of kites 
for the vertical wires, it wjis found possible to transmit messages over 
a distance of 85 miles. Some of the vessels of the Channel fleet have 
had apparatus installed on board, and it is the intention to give the 
system a severe test during the summer manoeuvres. Germany has 
been experimenting with the Marconi system. On May 15 a mari- 
time telegraph station was established, by way of experiment, on board 
the light-ship Borkuiii Riff^ with limited day service from 6 a. m. 
to 8 p. m. The now station is connected with that of the Borkum light- 
house. The object being to transmit messages from and to ships at sea. 
The North (jerman Lloyds Company are said to be equipping their 
ships for its use. 

Wireless telegraphy is ver}'^ ably described in the following lecture, 
by Mr. A. Slaby. Attention is also called to the article upon the 
same subject in the last annual of this office. 

£xtnu;t from Jahrbtwh drr SchiffbautcchnUchai Geaettsehofft (Yearbook of the Society of Naval 

Architects), Vol. I, Berlin, 1900. 

THE EMP1X)YMENT OF 8PARK TELEGRAPHY IN THE NAVY. 

While the practical value of Marconi's invention was much doubted in the bef^n- 
ning, it haa now Injcome well efltablished, at least for certain purposes, and the 
navioH of all seafaring i>owera are engaged in adopting and perfecting the new sys- 
tem of telegraphy as a valuable complement to the signaling devices already in exist- 
ence. In designing new ships in the future provision will have to be made from the 
outset for the installment of the necessary apparatus and wiring where it will be free 
from disturbances an far as practicable. For this reason naval architects will proba- 
bly be interested in spark telegraphy. I believe I can best dischai^ the duty 
assigne<l to me by explaining first the principles of the installations by experiments, 
then Hi)eaking of tlu^ progress nu-ently made, and finally of the points of view which 
apply Hi)et!ially to naval puriyoses. 
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The new system of telegraphy, as its name indicates, utilizes exclusively the 
effects produced by an electric spark. The assumption is that an invisible, infinitely 
fine substance, which pervadesall bodies as well as the atmosphere and the infinities of 
the universe, and which is called ether, is so violently agitated by the electric spark 
that the effects of the impulse radiate through space in ail directions in wave-like 
motions. Heinrich Hertz has demonstrated by his famous experiments, made about 
ten years ago, that the electric radiation emanating from the spark follows all the 
laws of light and is propagated with the same velocity. 

Wave-like effectw, which in light and electric phenomena are as yet of merely 
hypothetical significance, are shown by nature in other instances. If we strike a 
tense cord, we notice that the blow is propagated in waves along the cord. Here we 
observe a wave in a linear medium. If we agitate the surface of a body of water by 
throwing a stone into it, we see surface waves in circular radiation carry the disturb- 
ance on and on. Here we notice, in addition, the velocity of the pro{)agation. 
When we lie dreaming on the beach the melodious splashing of the wave against 
the bow of a steamer passing at a distance does not become perceptible to the ear 
until the steamer has long been out of sight. The surface wave facilitates the con- 
ception of a spherical wave in space, even though our senses can not perct»ive it. 

We must imagine an electric spark as the iH)int of departure for ether undulations 
in space. It is not the electric spark alone which possesses this faculty. Any 
change, any modification of intensity, of an electric phenomenon — e. g. a current — pro- 
duces similar effects. This may be seen the most clearly in the alternating current. 
Each change in the direction of the current produces an ether wave. It is as though 
we were touching a water surface with one finger at one and the same 8j)ot many 
times in rapid ' succession. After a little while a cork floating anywhere in the 
vicinity will begin to dance up and down with the same rhythm. If we introduce a 
suitable body into a space filled with electric waves, the undulating motion will be 
communicated to the former; it will begin to rise and fall, keeping time to the 
motions of the electric waves. The effect — in this case the electric current — causes 
it to oscillate at the same rhythm. A few experiments will show this. 

Through a coil of wire wound on an iron core I send an electric alternating cur- 
rent, generated at the distant engine room, and bring near it a second coil, the ends 
of which are connected with an incandescimt light We see a bright flame, though 
there is no connection by wire with the first coil nor with the current generator. 1 
can materially increase the heat effect of the induced current. I hold a solid copi)er 
ring free in the air above another coil through which an alternating current is pass- 
ing and which has a longer iron core. Before long it will be brought to a red heat. 
By suddenly closing the circuit of the alternating current I prcKluce shock effects. 
An aluminmn ring is thrown up to the ceiling. A hollow c()pi)er ball dances free in 
the air above the coil like a glass ball on a jet of water. If I shunt off part of the 
electric radiation so that the ball is struck on one side, it will begin to rotate rapidly. 

But these remarkable phenomena of radiation, which Elihu Thomson was the first 
to demonstrate, are not adapted for long-distance work. Even at a short distance 
from the point of departure of the ether undulations the effect becomes exhausted. 
It will not be possible by oscillating the atmosphere to illuminate a whole city so 
that everyone could carry his own little lamp with him, though this would })e the 
most ideal solution. 

A closer study of the phenomena shows, however, that the effect extends the far- 
ther the faster we cause the waves to oscillate and the more violent we make the 
impulse, or, speaking metaphorically, the faster and higher we cause the mountains 
of waves to rise. Hence we must strive to produce short and intense waves. The 
intensity of the waves, in the language of the electrician, is called ** electric tension." 
The latter can be increased at will by means of transformers. But the generation of 
rapid oscillation presents difi&culties. The electric waves of which we have made 
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use in the foregoing experiments must be designated as extremely slow from this 
point of view. We were able to produce only 100 alternations a second, and as many 
impulses were communicated to the ether. Even a hundredfold acceleration of 
the same would mean an insolvable problem for the constructors of dynamos. No 
material could resist the requisite number of revolutions of the armature. But note- 
worthy long distance effects can be expected only if we succeed in increasing the 
number of oscillations a millionfold. Fortunately, however, we need not invent 
such a machine; it is in existence already. Nature herself places it at our disposal in 
the electric spark. 

What is the electric spark and how is it produced? If we increase the electric ten- 
sion between two bodies beyond a certain degree, there occurs a sudden equalization — 
an electric current — in which particles of metal carried along are brought to a red 
heat. That is the electric spark. We must distinguish between two different kinds 
of sparks. One kind induces a permanent current, which may be either continuous 
or alternating. This device here will illustrate it. As soon as the electric tension 
between the two thick copper wires has attained a certain d^ree a spark springs 
across and establishes permanent connection. Thus is formed the so-called arc of 
light. Owing to the horn-like shape of the wires, the arc is drawn apart in the 
rising current of air until it breaks. The phenomenon then begins anew. In the 
flame of the arc of light pulsates an alternating current of the same low frequency as 
generated by our dynamo. 

In the other kind of spark we first accumulate a certain quantity of electricity. 
The equalization is more violent in that case. It disturbs not only the ether, but^ if 
it is strong enough, also the atmosphere, which is a billion times denser, and pro- 
duces a violent detonation. We will chai^ the coating of this l>attery of Leyden 
jars until such an equalization is effected. We notice phenomena resembling lightr 
ning. The process is similar to that of the explosion of a steam boiler. Still more 
aptly we may compare it to the tense string of a crossbow. When we release it a 
violent shock is produced, Ijecause the accumulated energy is suddenly set free. 
But the string does not immediately return to the position of rest, nor does the 
electric phenomenon. Like a strong emotion in the human heart, so the electric 
excitation continues to vibrate in the spark in the shape of alternating currents with 
rapidly decreasing intensity. They oscillate with astounding velocity, about 10 to 
100 million times a second, so that the human eye can hardly perceive the changes. 
We aid it ])y looking at the Hi>ark reflection in a rapidly rotating mirror. The suc- 
cessive spark currents are thereby drawn apart in the reflection, and we recognize in 
the one spark a whole bundle of sparks. Each discharge of sparks produces a new 
bundle of spark currents, in which the electric phenomenon undulates back and 
forth. 

Another exjieriment will show that we have actually to do with electric currents 
and that they are alternating currents. We connect with the poles of a spark gap 
wires stretched rectilinearly, secured to and insulated from the opposite w^alls of this 
hall. The poles themselves we charge with alternating currents generated by our 
dynamo — that is to say, with 100 alternations a second — ^and place in the circuit a 
transformer for the purpose of increasing the tension. Incandescent lamps have 
been placed in the circuit of the wires. As long as the spheres are far enough apart 
BO that no spark can be produced we observe nothing special in these wires. The 
transformed alternating current oscillates with its 100 alternations in the secondary 
coil of the transformer. We will now bring the spheres near enough to each other 
to produce a spark. The incandescent lamps are at once lighted and prove the pres- 
ence of an electric current in the rectilinear wires. This can only be an alternating 
current, since we have no closed circuit such as would be necessary to excite a con- 
tinuous current. Thus each impulse of current is sent from the spheres to the 
terminals of the wires and thence repelled back. 
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Snch an alternating current of high frequency carries its effect for miles through 
space. Each spark produced hy a wave of our slowly alternating current excites a 
whole agglomeration of waves which vibrate on — rush on, I should prefer to say if 
the ethereal motion were not noiseless. But the first mountain of waves in this 
surging is always the most powerful; it will rise the faster and its impulse will be 
the more violent the faster the oscillations. As the effect is conditioned upon the 
working efficiency per second, we attain here, with the enormous velocity with 
which the wave rises, a handsome number of horsepower, effective, however, only 
for the one hundred millionth fraction of a second. The time which elapses until a 
new discharge causes another surging of waves bears about the same relation to the 
duration of a wave impulse as thirty hours to one second. The interruptions are 
not perceptible to the eye; we see apparently one continuous current of sparks. 

This will explain why the pulsations of the spark carry so much feirther. With 
the slowly pulsating, waves of our alternating-current dynamos we can never attain 
such effects. Their effects may be said to bear the same relation to the impulse of 
spark pulsations as a gentle tap on the cheek to the blow of a cannon ball against an 
armor plate. 

In suitably shaped conducting bodies, which the ethereal waves may encounter on 
their way, they excite again electric alternating currents, the same as a wave in the 
water causes a floating cork to rise and fall. But this faculty decreases the farther 
the ethereal waves remove from their point of departure. It decreases with the 
square of the distance, exactly like the intensity of light radiating from an illumi- 
nating point, for a source of light is nothing further than a disturbed point in the 
ether, from which radiates an undulating motion, with a million times, more rapid 
oscillation, however. Hence the power which the ethereal waves exert at long dis- 
tances can be but infinitesimal. But as the most infinitesimal bacilli, when making 
their attack by the hundreds of millions, are able to destroy the most robust organism, 
so, also, countless minute ethereal impulses may also unite in a total effect of consider- 
able power. For that purpose, it is true, the ethereal waves must first be made to 
travel in a certain direction. If we connect with the spark gap a rectilinear con- 
ductor, the wave impulses will emanate especially from the latter, and are thus polar- 
ized; that is to say, the particles of ether oscillate in one direction only, namely, the 
one which is parallel to the conductor. In that case their effect no longer decreases 
with the square of the distance, but simply with the distance. If on their march in 
this rigid fonnation they encounter another linear conductor, they are drawn to it 
from every direction, like a swarm of flies to a lime twig. A concentrated general 
attack takes place, which causes along the wire a stormy rising and falling of elec- 
tric forces, or, in other words, a pulsathig, alternating current of high frequency. An 
astounding increase of effect may be attained by means of such transmitting and 
receiving wires. Thorough experiments have convinced me that the effect depends 
on the length of the two wires and increases almost exactly with the product of the 
same. For instance, with wires of 6 meters length on both sides we obtain the same 
effects as with wires of 4 and 9 meters, respectively. The product is the same in both 
cases. With equal length of wires in the transmitter and receiver the effects vary, 
therefore, with the square of each length of wire, and since, as previously mentioned, 
the effects decrease simply with the distance, it follows that the distances to which 
equal effects may be transmitted vary with the square of each length of wire. An 
example will show the great importance of this statement. If with 10-meter wires 
on both sides a certain effect is obtained at a distance of 5 kilometere, the same effect 
may be observed with 20-meter wire to a distance of 5 times 4, or 20 kilometers; with 
30-meter wire to a distance of 9 times 5, or 45 kilometers — a marvelous law for long- 
distance effects, which admits of almost unlimited extension. 

In order to detect the alternating current in the receiving wire different means are 
at our disposal, but we can make use only of the most sensitive ones. The telephone, 



288 

for inntance, w suitable. In the front part of this hall we will prodnee a ppark gap 
and polarize the ofH^illations by the insulated horizontal wires connected with the 
poles. The ethereal oscillations throughout this whole hall will then take place in a 
horizontal direction. As receiver we use two w^ires in the back part of the hall, like- 
wise stretched horizontally, and with their central terminals connected with the tele- 
phone. As soon as I excite sparks here in front you will hear a sound in the 
telei>hone. It corresponds to the number of oscillations of our primary alternating 
current (100 {ler second) , for the oscillations of the current of sparks itself take place 
in too rapid su(x*e8Bion for the ear to perceive them, since the limit of audible 
sound, as is well known, is at 40,000 oscillations a second, and in the electric spark 
we have 10 million oscillations a second. By making the sparks short or long I can 
telegraph the characters of the Morse alphabet without a connecting wire. 

The distance attainable in this manner may reach several kilometers, provided the 
transmitting and receiving wires are of corresponding length. It is even poi»ible to 
transmit through space from one wire to another the complex slow oscillations of the 
human tongue. We may make this experiment ourselves every day, sometimes to 
our annoyance, when at the telephone we are perhaps listening to some important 
family news and have to take in at the same time an order for the sale of some goods 
for Mr. Ko-and-Ho. That is wireless telephony; it does not have to be invented. It 
is true, though, that it extends only from one wire to another on the same pole. 

In order to utilize directly the rapid waves of the current of sparks for signaling 
puriK>Hes we will make use of a device which may lie considered the reverse, «<> to 
speak, of the wave generator, for here we generate sparks from intercepted ethereal 
waves from the alternating currents induced in the receiving wires. This i«n Ytest 
l)e shown by an experiment. I have here two pieces of porous carbon, which are 
only a short distance apart. The velvety surface of the carbon is formed of a lot of 
microscopic x><>hits. If I connect the pieces of carbon with the receiving wires, 
through which current pulsations are passing, the electric waves spray, so to speak, 
between the little points as though passing over an obstacle, and we perceive spark- 
ing. It is an arc lamp in miniature, fed by ethereal waves. I can prove that the 
si^arking is actually (^use<l by the rapid pulsations, for if I produce an alternating 
current a.rv of light with a low number of oscillations, as before, the continuous 
sparking at the rei-eiver will i-ease. We perceive a spark only when the arc of light 
is forming, and thus we detect the ethereal impulse. When the arc of light has 
been fully formed, no more s[)ark pulsations occur — only slow oscillations of the 
alternating current. Our receiver does not respond to these; it requires an impulse. 

These tiny sparks can he utilized to free greater forces. I could easily cause the 
detonation of an explosive substance. I will, instead, make an experiment causing 
less noise. Back there in the hall is an arc lamp. The carbon points are connected 
with the iH)les c»f an accumulator battery, but do not touch each other, so that no 
current can imihs acToss from one to the other. With the carbon points are also txin- 
nected the long electric-wave receiving arms. The sparking caused by these waves 
forms a conductive bridge l)etwe(*n the carbon points and closes the circuit of the 
accumulator battery. A single si>ark at the radiating apparatus here in front is suf- 
ficient to causes the arc lamp back there to glow. 

A device like this would be sufficient for telegraphing, except that provision 
would have to be made for breaking the current of the accumulator lottery after 
each lighting of the arc lamp. But I can render the interrupting of the current 
automatic if I replace the arc lamp by an ordinary incandescent lamp. The slight 
curn^nt i)assing through the latter breaks of itself as soon as the sparking at the 
carl)on i)oints ceases. You will notice that I can even make perceptible the charac- 
ters of the Morse alphabet by the longer or shorter duration of the glowing of the 
incandescent light. 
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To cauHe the explosion of the ammanition room of a hostile ship by such long- 
distance effects does not, therefore, ap})ear an insolvable problem. Only the enemy 
would have to be kind enough to place pieces of carbon among their powder sup- 
plies and connect them with long receiving arms in the open air. However, for the 
formation of sparking on board ship this jest assumes a more serious meaning. It is 
by no means impossible for electric-light wires to play the part of recei\dng wires in 
some undesirable manner. If at some spot they should be too near eitch other and 
at the same time imperfectly insulated, even the most insignificant sparking may 
cause a perfect short-circuiting of the wires. If the installation is otherwise perfect, 
no harm will be done except the burning out of the safety fuses. This was what 
happene<l on l>oard H. M. 8. Friedrich Carl. In any event, this circumstance must be 
taken into consideration in installations for spark telegraphy on board ship, and a 
careful examination of the wiring from this point of view is necessary. The arma- 
tures of dynamos on board may also be broken by such sparking; they must there- 
fore be fitted with lightning protectors. The ammunition rooms are sufficiently 
protected by being entirely lined with metal, and, as far as I am aware, electric- 
light wires are not allowed to be passed through them. 

The devices used by Marconi for signaling are very similar to those just described. 
•The carbon points are replaced by metal filings thrown loosely together. These ar^ 
inclosed between two silver pole pieces in a small glass tube and may be connected, 
by means of two platinum wires fused into the tube, with the electric- wave receiving 
arms. Each particle of the metal powder is covered with a thin coating of oxide, 
such as most metals take on in the open air, and thereby insulated from its neigh- 
bors. Even if, in addition to the connection with the reviving wires, we connect 
the extremities of the tube with the wire circuit, into which are introduced a local 
cell and an ordinary telegraph relay, no current will be formed, because the circuit 
is broken by the metallic powder in the tube. But if the rectilinear wires receive 
polarized electric waves, the infinitesimal sparks, invisible to the eye, establish a 
connection between the particles of metal. Thus is formed, perhaps with the assist- 
ance of condensed metal vapors, a bridge for the continuous current of the local cell, 
and the latter actuates the relay. A stronger local battery is thereby closed in the 
usual manner, actuating an electric bell or a Morse recording instrument Slight 
tapping on the iuXye breaks the loose connections between the particles of the metal 
powder and restores original conditions. Here, also, the characters of the Morse 
alphabet may be transmitted by shorter or longer radiation. In that catie the relay 
tapper is actuated by the current of the local battery. The process which takes 
place in the tube is similar to the process technically known as ** fritting;*' it is 
therefore called "Fritter" or **Frittr6hre" (fritting tube). The English call it 
"coherer," and the French "radio-conducteur." 

The coherer is an extremely sensitive and very accurately working means for 
establishing the presence of electric-wave impulses. By experiments we can prove, 
for instance, that electric radiation follows the same laws as the radiation of light. 

The laws of electric radiation have been known for ten years, thanks to Hertz's 
experiments. The faculties of the coherer were discovered by Branly at Paris in 
1891. In 1895 Popoff, at St. Petersburg, made the first practical application of the 
new phenomena for recording lightning discharges during thimderstorms. He used 
a receiving apparatus which in principle is entirely identical with that since used by 
Marconi. Marconi's principal merit consists in the careful adaptation of the appa- 
ratus for practical telegraphy, and during his experiments he arrived at the impor- 
tant discovery of the almost unlimited long-distance effects of vertically polarized 
electric waves. It is this discovery that has made spark telegraphy possible. For 
that reason Marconi's merits surpass those of his predecessors, w^ith the exception of 
Hertz. 
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It is now three yeare since Marconi's discovery became known. What has been 
done with it since? The progress made bears, on the one hand, on a better under- 
standing of the phenomenon and its laws and, on the other hand, and partly as a 
result thereof, on the increased technical effect. The latter, as £ar as Marconi him- 
self is concerned, may be expressed in figures. In the spring of .1897 he tel^raphed 
across the Bristol Channel, which is 5 kilometers wide, and used for that purpo^ 
transmitting and receiving wires of 50 meters length. The distance per meter of 
wire was consequently 100 meters. In the summer of the present year (1899), dur- 
ing the English naval manoeuvres, Marconi, according to newspaper reports, sent tel- 
egrams to a distance of 108 kilometers with 45-meter wire. That means a 24 times 
greater effect. 

In the meantime experiments have been made in almost every civilized country. 
Particulars as to these, however, have not generally become known. Marconi him- 
self maintains profound silence as to his improvements. What I am able to commu- 
nicate, therefore, is only the result of experiments which I was able to make myself. 
They were rendered possible through the kindness of His Majesty the Emjieror. 
Two summers in succession I was allowed to experiment on the Havel and to call on 
the personnel of the Royal Sailors' Station for assistance. The aeronautic division, 
also, at the suggestion of His Majesty, has made some very interesting experiments, 
which for a time gave Germany the world record, with a distance of 21 kilometers. 
His excellency the secretary of state of the imperial marine office had the kindn^s, 
during the summer and fall of the present year, to permit me to carry on experiments 
with some improvements on board the German war ships in the Baltic Sea. If I 
speak of these improvements to-day, I do not wish to create the impression that they 
are ahead of Marconi's. I am not acquainted with the means with which Marconi is 
working at the present time; I only know that they must be very much more per- 
fect than those with which I became familiar through him tw^o years ago. A direct 
comparison would be possible only if the experiinents were conducted under identi- 
cal conditions. 

I will first take the liberty of setting forth briefly a theoretic conclusion at which 
I have arrived through these experiments, and which has not been without profit as 
far as the technical significance of the process is concerned. This theory, which 
really embodies a disappointment, is the explanation of the phenomenon by the 
effects of electric impulses, to which I referred at the beginning of my lecture. There 
was hoi^ at first that by more clearly establishing the imdnlating character of the 
electric disturbance it would become possible to tune the receiving apparatus to defi- 
nite lengths of waves. I am sorry to say that I have come to the conclusion that 
such endeavors are hopeless. The coherer is not to be compared to a pendulum 
which is gradually set to oscillating more rapidly by numerous impulses of low inten- 
sity succeeding each other at definite intervals. It is rather in a sort of unstable 
equilibrium, which is immediately upset by an electric impulse. 

But from the above follows the important conclusion that we must seek to attidn 
above all — ^a high energy of the impulses of the spark generator per second. But such 
energy does not depend only on the tension, but also on the quantity of electricity 
which we set free during the sj^ark formation. It is exactly the same as in the fall- 
ing of a body. If we release a suspended weight by cutting the cord, the effect of 
concussion as the weight strikes w^ill be the greater the larger the bulk of the body 
set in motion, in addition to the height from which it falls. It is not the length of 
the spark alone that corresponds to the electric tension employed; there must also 
pulsate in the spark as lazge a quantity of electricity as possible. Let us examine the 
spark generators from this point of view. They are the usual inductors, the con- 
struction of which is controlled only by the production of as high tensions as possi- 
ble. Inductors, as is well known, are classified according to the length of the spark. 
We speak of a 20 or 30 centimeter inductor. The quantity of electricity which is 
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thereby set in motion is very small. It can l)e increased to a certain extent by 
decreasing the length of the spark. That is what Marconi does when he makes a 
30-centimeter inductor work with a spark of 1 to 2 centimeters length. 

A little computation will show the working power consumed. As a rule we work 
with a primary current of from 5 to 7 amperes and an 8-cell accumulator having a 
tension of 16 volts. This results in an electric working power of about 100 watts per 
second. As inductors have a very low efficiency, we will hardly he able to utilize 
with constant sparking more than 50 watts, or about one-fifteenth horsepower, for 
the generation of electric wavies. For the first spark impulse the energy per second 
will naturally be considerably greater. Nevertheless the primary work consumed 
may furnish a standard for the purpose of comparison. For obtaining increased 
sparking effects we shall therefore have to discard the inductors and use dynamos 
inst^. 

There is no difficulty in producing electric energy of high tension with any desired 
quantity of electricity by means of alternating-current dynamos and transformers. 




But the use of dynamos for the generation of sparks makes it necessary to discard 
entirely Marconi's system of circuiting. 

The sketch shows a device which is at present functioning on board of German 
war ships. The alternating-current dynamo W, actuated by an electromotor, feeds 
the primary winding of the high-tension transformer T, whose secondary windings 
are connected with poles A and B. 

The circuit of oscillations proceeding from these poles is one closed by the earth, 
but consists of two parts which differ from each other in their functions and effects. 
The difference is conditioned upon so-called self-induction. Electricians designate 
under this name a kind of inertia, possessed by all alternating currents, which is pro- 
duced in a conductor. The conductor itself offers to an alternating current an extra 
resistance in addition to the ordinary resistance. The amount of this extra resistance 
is dependent on the number of alternations of the current; for currents of high fre- 
quency it may become so enormous that the generation of such currents is rendered 
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almoHt impoesible. But by the 8hape and di9i)oeition of the wires an influence may 
be exerted on the amount of Helf-induction. Thus metallic l>ands, or tubes, or wire 
cagi'H, Hui'h as used in this hall, have considerably leas self-induction than thin wires. 
The vertical conductors AC and BE have the smallest possible self-induction, while 
the connection CD between the summit and the earth possesses rather high self- 
induction. There is also put in the circuit a condenser Q, which is adapted to receive 
large quantities of electricity. The working of the device is as follows : The alternating- 
current dynamo, by means of the transformer, charges the spark gap AB to such a 
high tension that an oscillating dischai^ occurs. During the charging period — ^that 
is to say, l)efore the appearance of sparks — the secondary coil of the transformer is 
closed through the entire circuit of oscillations, including the earth and the condenser. 
The portion of the circuit connected with A lies to earth through the wire CD, and 
therefore retains nearly throughout its whole extent the potential of the earth. The 
charging is effected almost exclusively in the condenser. While self-induction is of 
some influence on this process, such influence is not great, owing to the small number 
of alternations of the alternating current But an immediate change is effected as 
soon as the sparking of the discharge current with its enormous frequency sets in. 
As to this current the high self-induction in the wire CD acts as a cut-off, and thus 
the rai)id oscillations wliich disturb the ether are produced almost exclusively in the 
vertical conductor with low self-induction. But the enormous quantities of electricity 
previously stored up in the condenser have a share in this. It is obvious that we 
are thus able to convert into radiation far greater amounts of eneigy than with a 
Buhmkorff inductor. 

A similar system of circuiting is also to be recommended for the receiver, though 
for different reasons. In Marconi's system the coherer is connected on the one hand 
with an insulated vertical wure and on the other with the earth. Arranged in par- 
allel with the coherer is the relay with its local cell. It is obvious that, while all 
electric impulses intercepted by the vertical wire have on the one hand the faculty 
of, influencing the coherer and make it a conductor during sparking, such impulses, 
on the other hand, may also pass thn^ugh the relay circuit directly to eajrth without 
passing through the coherer. The impulse will thus be divided, and not exert the 
full strength of its effect in the coherer. Marconi has sought to obviate this draw- 
bai'k by placing in the relay circuit coils of great self-induction. That is a good 
way, for the self-induction clc^ses the i>ath to the rapid oscillations, but it is not a 
harmless way, })ecause the high resistance of the self-induction coils reduces the sen- 
sibility of the relay. If the upi)er terminal of the vertical conductor of low self- 
induction were connei;ted with the earth, and the relay and its battery put in 
the circuit of such earth coimection, the rapid oscillations intercepted by the vertical 
conductor would pass almost without diminution through the coherer to earth. 

Another innovation relates to the construction of the receiving apparatus. In the 
P()jK)ff system of circuiting, which is also ustnl by Marconi, the relay circuit is broken 
by the tapping of the trembler on the coherer, henct*, in the coherer itself. Now, it 
is well known that the oi)ening spark of a circuit is of much more injurious effect on 
the contact places than the closing spark. It is the latter that we use for signaling, 
and we have to put up with the wearing away of the fine points and edges of the 
metal filings.' But it is <lifferent with tlie oixjning spark, which is detrimental with- 
out offering any advantages as an offset. An arrangement can ))e made so that by 
means of a 8j)ecial spring contai^t the breaking of the relay circuit is effected outside 
of the coherer and before the tapi)ing of the trembler. By such a disposition the 
sensibility of the coherer is not only prt^served for a greater length of time, but it 
insures also the more prompt making an<i breaking of the circuit. 

These three innovations were the result of exiH»riments which -1 made at Potsdam 
three years ago, in conjunction with my then assistant, Coimt Arco. 
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I now come to the employment of spark telegraphy in the navy. It is on the 
open sea that it fimctions under the moet favorable conditions. It may be said that 
with the same installations from five to ten times longer distances can be overcome 
on the sea than on land. What is the reason therefor? I used to think that this 
was due to the fact that the atmosphere is purer and free from dust. But that is not 
the case, for telegraphing in the vicinity of the coast, where the air is probably as 
pure as on the open sea, reduces the distances. Perhaps the fact may be ascribed to 
a peculiar plane effect of the sea. It is true that the electric disturbances emanating 
from a spark are propagated in all directions through space, but they follow prefer- 
ably conductors and semiconductors when these are in the line of propagation. 
The conditions are equally favorable in a plane. If the transmitter and receiver of a 
sj^rkrtelegraph instrument are brought close to the smooth and unobstnicted wall of 
a large hall, the distances that can l)e reached are almost twice as long as when the 
apparatus stands in the middle of the hall. In order to carry out measurements, I 
had a large hall of my lal)oratory entirely cleared out, and could verify this circum- 
stance along the wall of the same. We are inclined to believe in special plane cur- 
rents. If we compare the surface of the sea, even when agitated, with the surface of 
the land, we notice at once a great difference. In the former case it is the smooth 
surfaces of the waveH on which the electric impulses glide along; in the latter case 
the distances to be traversed are very much longer, for we must realize that the 
electric waves have to glide up and down each stone, even each grain of sand and 
blade of grass they encounter. 

Another remarkable circumstance is to be noted here. When we use vertical 
transmitting and receiving wires the electric waves are polarized vertically. If they 
encounter in their path another vertical linear conductor of corresponding extent they 
remain clinging to it, so to speak, and generate in it a pulsating alternating current. 
I can easily convince you of this by an experiment. 

It will now be understood why any linear elevations, such as trees, masts, flag 
poles, chimneys, and steeples, interfere so much with spark telegraphy. Telegraph- 
ing across a large city, unless balloons can be used for carrying long wires, is fraught 
with enormous difficulties. 

But dampness also plays a part On the sea neither fog nor rain are of disturb- 
ing influence. On land it is different. Trees, masts, and buildings are semiconduct- 
ors under ordinary circumstances. When in a damp state, and still more when 
soaked through, their conductive power increases. They suck in the electric waves 
greedily and invite them to remain. My laboratory here is connected with my resi- 
dence at Charlottenburg by a spark telegraph. Though the distance is not long, 
yet the electric waves have to pass through numerous obstacles. In damp weather 
I have to increase the spark power considerably in ordei'to obtain distinct messages. 
On the sea such obstacles do not have to be reckoned with. Even in a crowded 
harbor the masts of ships are still far enough apart not to interfere seriously with 
electric radiation. 

But it is different with the masts, shrouds, and cables of the ships directly con- 
cerned. These do constitute serious obstacles. £ach ship must be considered a 
distinct individual from this i)oint of view. Devices which on board of one ship 
had i^roved excellent, show less favorable results on board of others; but it is not 
possible to find at once sufficient reasons for this circumstance. Experience must 
here come to our aid; but experience can only be gained from continuous use. 

The installations at present set up on board German war ships can, of course, not 
be publicly discussed, and I am not at liberty to express any opinion as to service 
r^ulations concerning spark telegraphy and the tactical employment of the same; 
but I may perhaps be permitted to state what has struck me as particularly important 
and favorable in connection with spark telegraphy, and that is the assurance and 
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preciflion with which the installations were served by the crews of oar very efficient 
engine personnel. I want to lay special stress on this, because we frequently hear 
doubt expressed on this point. There is an impression prevalent that it is a question 
of difficult physical apparatus which scientists alone can understand and handle. 
That is not the case. The chief mates who took part in the experiments had a good 
knowledge of the scientific working of the instruments and would often ask ques- 
tions of my aasistant and myself which left nothing to be desired in the way of 
thoroughness and intelligence; unfortunately we could not always answer them as 
intelligently. During the experiments, which extended over several months, minor 
disturbances and alterations in the apparatus were inevitable; these could nearly 
always be removed by the engine personnel on board. The most sensitive and at 
the same time the most important part of the apparatus is the coherer. Its con- 
struction is frequently surrounded with a certain mystery. However, the longest 
distance to which messages were sent on board H. M. S. Friedrich Carl, 48 kilometers 
with 30-meter wire, was attained with a coherer which the chief mate had manufac- 
tured himself on board with very little instruction. The man was a locksmith by 
trade. Hence, in this respect the installations for spark telegraphy are not to be com- 
pared with a chronometer, for instance, which could hardly be repaired so eaaUy on 
board. 
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VI. 

GRAPHIC TABLES. 



By Lieutenant William L. Howakd, United States Navy, 

Staff IrUeUigence Officer. 



The following tables are intended to give some graphic comparisons 
of the principal naval powers. The data upon which they are based 
was taken from a British Parliamentary paper entitled, "Return show- 
ing the fleets of Great Britain, France, Germany, Italy, United States 
of America, and Japan, distinguishing: Battleships, built and build- 
ing; cruisers, built and building; coast-defense vessels, built and 
building; torpedo vessels, torpedo-boat destroyers, and torpedo boats, 
built and building." This was compiled from the oflScial list of each 
navy, and has been supplemented by some later data. 

In making such comparisons it must be borne in mind that there are 
in every navy certain classes of vessels which appear in the official 
navy list, but .which can not be considered as forming part of that 
navy's fighting force. These are: 

1. Obsolete ships. 

2. Eeceiving ships'. 

3. Sailing and training ships. 

4. Tugs, etc. 

AH these classes are omitted in the comparisons. Neither are there 
included any auxiliary vessels, such as yachts, merchant steamers, 
etc., for that would mean practically the addition of the merchant 
marine of the several countries, all of which is available. 

It must also be borne in mind that, even after eliminating the above 
classes, there yet remain a certain percentage of vessels whose armor 
and armament have become obsolete, and whose principal duty is to 
swell the numbers borne on the official list, giving to such lists a mis- 
leading value. For this reason the comparisons shown by Table II 
of the tonnage built since 1890 give a better idea of the comparative 
fighting strength of the various powers, and here may be noted the 
enormous stride Germany will make by virtue of her new building 
program just authorized. This program practically doubles the 
strength of her fleet, so that if the ships authorized were included 
her position would be next to that of England and ahead of France. 
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